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STRACT

This project, entitled West Coast Ventilation Strategies, was
commissioned by CMHC for the purpose of evaluating various
residential ventilation systems in southern British Columbia west
coast applications.

‘In addition to general observations and conclusions concerning

residential ventilation, this report presents the results of
detailed monitoring of 8 different types of systems, as they were
operated over two years in actual residences. Various rates of
ventilation were tested.

The following items are addressed in the report:

Local construction, climate, and lifestyle.
Installation and operating costs.

Builder and homeowner response to the systems.
Indoor air quality performance.

Advantages and disadvantages of the various systems.

* % % % %

The report provides an explanation of many factors which contribute
to the success or failure of specific ventilation strategies.



This project was funded by the Canada Mortgage and Housing
Corporation (CMHC) and BC Hydro. The views expressed are the
personal views of the authors, and do not necessarily represent
the views of CMHC or BC Hydro.
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1.0 EXECUTIVE SUMMARY

This report provides evaluations of the performance of various
ventilation systems in actual houses. The following systems were
monitored:

i. Central exhaust; negatively pressurized crawlspace.
2. Positively pressurized crawlspace.

3. Minimum BC Code requirements.

4. Aereco variable air volume.

5. Central exhaust with passively tempered make-up (Wall Pipe)

in each room.
6. Central exhaust with untempered make-up (Wall Inlet) in each

room. ,
7. Heat recovery ventilator. _
8. Heat recovery ventilator with dedicated air.

Various ventilation rates were monitored. For all houses except the
HRV, Aereco and Dedicated Air houses, these rates are defined by
the B.C. Building Code; the high rate was equivalent to 0.3 air
changes per hour (ACH) regulated by de-humidistat and the lower
rate was defined as 0.15 ACH continuous. The HRV house was
ventilated at rates common to HRV installations. The Aereco system
is a variable air veolume system and the Dedicated Air house was
ventilated to the 0.15 ACH continuous, and according to CSA CAN F-
3z26.

Strengths and shortcomings of the various systems, methods of
control, and ventilation rates are analyzed.

The results indicate that many variables contribute to the
effectiveness of a ventilation system. The "human" aspects of
system operation and occupancy load are among the most important
factors; unfortunately, these cannot be determined prior to
occupancy for most new houses.
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Avalon Mechanical Consultants were retained by CMHC to act as prime
consultant on the West Coast Ventilation Study, a project initiated
by The Victoria Homebuilders' Association to investigate the
effectiveness of various residential ventilation strategies in West
Coast applications. It is a "real life" monitoring project.
Conditions could not be controlled to result in a scientific
comparison of systems, and the report does not purport to present
objective rankings. Many interesting findings are highlighted with
respect to ventilation system effectiveness, control strategies and
operational factors nonetheless.



3.0 PROJECT OBJECTIVES

.1 To design, install and field-prove selected ventilation

strategies which could be adopted on a uniform basis by the
Victoria Home Builders' Association, B.C. Standards branch, -
local municipal inspectors and CMHC. Selected systems must be

',technically sound, cost effective, easily available, and

-2

acceptable to both builders and homeowners. Selected systems
were installed and tested in "typical®™ new homes.

To demonstrate, measure and analyze the effectiveness of each
different ventilation technology. Specifically:

i. To monitor costs and builder acceptability regarding
installation, warranty and maintenance of various
residential ventilation systems.

ii. To monitor homeowner acceptability with regard to cost,
noise level, maintenance requirements, pollution control
and homeowner educational requirements.

- iii. To monitor and quantify air gquality and determine each

system's capability of achieving pollution control with
respect to both building and occupant generated
pollutants.

iv. To monitor each system's performance with respect to air
gquality achieved when operating at different ventilation
rates. For all houses except the HRV, Aereco and
Dedicated Air houses, these rates are defined by the B.C.

~Building Code; the high rate was equivalent to 0.3 air
changes per hour (ACH) regulated by de-humidistat and the
lower rate was equivalent to 0.15 ACH continuous. The HRV
house was ventilated at rates common to HRV
installations. The Rereco system is a variable air volume
system and the Dedicated Air house was ventilated to the
0.15 ACH continuous, and according to CSA CAN F-326.
v. To estimate each system's energy consumption at each air
flow rate. ‘

vi. To present and recommend at least 3 technically sound
and cost effective ventilation strategies for new,
residential construction.

vii. To present and recommend at least 3 technically sound
and cost effective ventilation strategies for retrofit
application in problem houses.

viii. To compile a file, based on case studies, which outlines
residential ventilation problems and possible solutions.



New residential construction in the southern Vancouver Island area
is predominantly wood frame, single and two storey housing, resting
on crawl space foundations or on slab-on-grade foundations. Crawl
spaces are typically insulated around the perimeter, and heated to
provide comfort to the uninsulated floor immediately above the
crawl space enclosure. Alternatively, a small proportion of
structures have unheated crawl spaces with insulated floors. It
is required that unheated crawl spaces be ventilated to the
outdoors, with protected openings sized at a ratio of 0.1 square
meters ventilation per 50 square meters crawl space area. Typical
slab on grade foundations are not insulated below grade. Homes
with full basements are not common because of the close proximity
of bedrock to the surface. Where basements do exist, it is not
typical to provide any perimeter wall insulation, unless the
basement is used as a living space.

Current insulation levels are typically RSI 3.5 in walls, RSI 4.9
in attics, RSI 0.9 in heated crawl space perimeter walls, RSI 3.5
in floors over unheated crawl spaces. If basements are insulated,
typical insulations levels are RSI 2.1.

Windows are normally double glazed metal frame units. Better
quality construction projects will include window units with a
thermal break in the metal frame. Sliding windows without bug
screen protection are typical and well accepted as adequate for
the climatic conditions.

'The air tightness of housing construction has been increasing over
the past decade, and new housing is now subject to the 1987 British
Columbia Building Code requirement for a continuous air barrier as
defined in Subsection 9.26.5 of the 1985 National Building Code.

The energy supply for space heating is limited to oil, electricity,
and wood. Forced air, oil fired furnaces were popular in the past,
but electric baseboard heat has now captured the largest share of
the new construction market. Forced air electric heat is unusual.
Woodburning fireplaces or airtight wood stoves are common alternate
heat sources. Natural gas is expected to be available on the
Island by 1992. '

Traditionally, ventilation air has been supplied through openlng‘
windows and by way of natural or mechanlcally induced infiltration.
Because of the mild climate, many homes in the recent past did not
include mechanical exhaust fans even in bathrooms, in favour of
operable windows which provide for short term ventilation
requlrements. Where mechanically induced ventilation has been
provided, it is limited to standard bathroom and kitchen exhaust
fans. _



Fireplaces have been a source of intermittent winter ventilation
air because of the induced negative pressure created across the
building envelope when the fireplace is operating. The typical
fireplace chimney design places the uninsulated flue on an exterior
wall. 1In this location, unless the fireplace is operating, the
chimney is cold and does not provide a constant draft to assist in
ventilating the home. Furthermore, since most new homes are
heated with electric baseboard systems, no other chimneys are
present to assist in providing a constant ventilation air exchange.

Temperature driven natural ventilation provided to newer houses is
seen less than in other parts of Canada because of the mild
climate. That is, the temperature difference between the interior
and exterior environments is small for most of the year, and
consequently "stack effect" induced ventilation is minimal. Wind
induced ventilation is often reduced because of the protection
provided by the trees typical to most residential areas. The older
housing stock, however, was extremely leaky, as compared to the
rest of the country and perhaps this has contributed to slow
acceptance of newer ventilation technologies.

4.2 Ventilation Induced Problems

The combination of circumstances described above has created a
housing stock of poorly ventilated homes, and homeowner perception
of these problems as being the norm for this coastal climate.

Inadequate ventilation has caused structural and subassembly

damage, most typically exhibited on interior surfaces as moisture

damage at the ceiling/exterior wall junctions, beneath dripping
- window 1ledges, throughout bathroom interiors, and in cool,
unventilated storage spaces. Deterioration of wood window frames
is common.

Mold and mildew are common on window surfaces, in bathrooms and
closets, most typically on cold exterior surfaces, along baseboards
and in grouting around bathtubs and sinks. Mold and mildew odours
are common in living levels which are partially below grade, in
closets and storage areas where temperatures are low and
ventilation is minimum. These types of concerns are often seen
(although not exclusively) in electric baseboard houses having
minimal ventilation, and can be further aggravated by high
occupancy.

Downdrafting of fireplace chimneys is a common occurrence. Many
of the older open door fireplace installations have been abandoned,
or airtight woodstove inserts have been retrofit into these
openings.

In homes without mechanical exhaust systems, ventilation during
the summer months can be inadeguate because of the reduction of
natural infiltration. The ambient summer temperature hovers close
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to room temperature and there is little temperature difference to
force air change through the stack effect. Wind speeds are also
lowest during the summer months and less capable of contributing
to natural infiltration.

4.3 Climate and Lifestyle

The Victoria area climate is described as a mild maritime climate.
The normal degree days below 18 degrees celsius are 3,115. The
99th percentile design temperature is minus 7 degrees celsius.
Average relative humidity in the summer months is 7% percent, and
average relative humidity in the winter months is 86 percent. The
heating season extends from October through April and is generally
mild with considerable cloudiness and periods of rain. A full
description of the local climate is attached as Appendix 1, and
includes meteorological data for two weather stations; the Victoria
International Airport and at the Gonzales Heights locations.

Comfort 1levels in the homes are often maintained at cooler
temperatures, with zone heating employed to increase temperatures
only in the rooms where required. This situation allows for mold
and mildew growth because of the temperature and condensed humidity
conditions created in the unoccupied areas of the homes.

As described above, ventilation has traditionally been accomplished
by a combination of minimal mechanical exhaust systems and operable
windows. The current price of oil or electric heat (equivalent to
$0.05 per kilowatt hour), reduces the desirability of providing
constant ventilation through open doors or windows.

The concept of continuous, controlled ventilation has had limited
exposure in this market place, other than in "high- -tech" houses
which have utilized heat recovery ventilators to prov;de continuous
exhaust and fresh air supply.



Ventilation systems can be categorized as neutral pressure systems,
positive pressure systems, or negative pressure systems.

Neutral pressure systems consist of two fans balanced so that equal
volumes of air are moving in and out of the building enclosure, and
the dual fan system is not inducing a significant positive or
negative pressure across the building envelope. Heat recovery
ventilators fit into this category. The primary advantage of this
ventilation strategy is that the balanced fans will not interfere
with the performance of other air consuming devices such as
combustion equipment.

Negative pressure systems consist of one or more exhaust fans which
withdraw air from the building enclosure and induce a negative
pressure across the building envelope. This ventilation strategy
is most typical in Canadian and local housing. Potential problems
exist due to the negative pressure induced by the ventilation
systems, which can potentially create spillage of combustion gases
into the building enclosure or, in severe circumstances, backdraft
the chimneys of combustion devices. Negative pressure across the
building envelope is considered beneficial with respect to the
building shell, because relatively dry exterior air is being pulled
through the wall assemblies and absorbing any excess moisture
existing in the wall cavities. The systems studied herein which
fall within this category are as follows:

* Negative Crawlspace * Aereco
* BC Code * Wall Pipe
* Wall Inlet

N.B. See section 5 for detailed descriptions of the systems
studied.

Positive pressure systems consist of one or more fans which deliver
fresh outdoor air to the building, thereby creating a positive
pressure across the building envelope. This ventilation strategy
is common in commercial construction, but not typical in
residential construction. There is some concern that positive
pressure across the building envelope may drive relatively wet
indoor air into the exterior wall cavities and cause long term
structural damage due to moisture condensation. Positive pressure
systems are desirable in that they assist in establlshlng a
positive draft through combustion appliances, and minimize
discomfort associated with uncontrolled infiltration. The positive
crawlspace system falls into this category, although the bathroom
fans, Jenn-Air, central vacuum system, clothes drier and fireplace
are more than capable of offsetting the positive pressure.

Air flow rates through any of the above ventilation systems fall
into two generic categories:

v




The first of these is a "constant flow" ventilation rate, in which

‘a constant volume of air is moved through the fan(s) when it is

in operation. All systems studied, excepting the Aereco systen,
fall into this category.

Constant flow systems do not necessarily operate continuously, and
could have a high and low constant flow rate which can be operator
selected depending on the ventilation requirement. An example of
this system is the 1985 code requirement, whereby the code calls
for exhaust fans capable of moving 0.5 air changes per hour based
on the interior volume of the structure. All other Canadian
precedents, as outlined below, are based on a constant wvolume
strategy. The constant air flow strategy attempts to ensure
adequate ventilation through the setting of standardized air change
rates which are high enough to reduce all pollutants to a tolerable
level. There is a concern that the air exchange requirements set
for Canadian residential buildings are excessive, and that in the
attempt to reduce all pollutants to a tolerable level (including
building generated and human generated pollutants), excessive
ventilation energy is used and relative humidity is reduced below
the optimum comfort level.

The second air flow strategy is termed "“proportiomnal £low" or
“variable air volume," in which a varying volume of air is moved
through the fan(s) according to a self regulating mechanism which
senses the needs of the immediate environment and adjusts the air
volume accordingly. The only system currently available utilizing
this strategy is the French *Aereco’ system which uses interior
humidity levels as the controlling variable to adjust the orifice
openings of exhaust grilles and air inlet grilles. The
proportional air flow strategy attempts to ensure adequate
ventilation through a self regulating mechanism which, in the case
of the French “Aereco" system, utilizes indoor humidity as the
control variable which adjusts the air change rate.

4.5 Ventilation Rate Precedents

In October 1987, British Columbia adopted the mechanical
ventilation requirements of Subsection 9.33.3 of the 1985 National
Building Code. This code was amended in September, 1988.

Local municipal inspectors are interpreting and enforcing this code
requirement differently in different jurisdictions.

Further complicating the interpretation of the 1985 National
Building code are the other ventilation precedents also operating
in the Victoria building community. These include the ventilation
requirements for the R-2000 Program, the B.C. Hydro Quality Plus
Program, the proposed DRAFT CAN/CSA-F326~-M, and the French "Aereco"
proportional negative pressure system. - Summaries of the
ventilation requirements for each of these precedents are included

in Appendix 2.



5.0 PROJECT VENTILATION SBYSTEMS INFORMATION

The ventilation systems were selected according to availability,
the 1985 National Building Code requirements, or other ventilation
strategy precedents as outlined in Appendix 2. Builder proposed
solutions to the 1985 code requirements were tested as well as
commercial systems such as the HRV and Aereco systems.

In order to monitor air quality at different air exchange rates,
each ventilation system (except Aereco) was operated at least two
different air flow rates. Air flow rates for each system were
established by measurements on site to conform with the ventilation
requirements outlined in Appendix 2. The French "Aereco" system is
an exception in that it was monitored at its self adjusting air
flow rate only.

The design of the air distribution ducting, exhaust and inlet
openings varied from system to system, based on the demands of the
specific systems and the requirements for distribution as described
in the ventilation precedents in Appendix 2.

A description of each selected system is presented below with a
partial summary of respective findings:
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1. NEGATIVE CRAWLSPACE BYSTEM:

This installation follows the 1985 National Building Code
requirements and consists of standard bathroom, utility and kitchen
exhaust fans, with a combined pnominal capability of exhausting 0.5
air changes per hour. Makeup air was introduced to the crawlspace
via open grills in the exterior walls.

Installation Cost: $360.00

Builder Acceptability: The cost aspect is positive, but the

marketability is questionable due to the
image of the strategy as being primitive
and the association with crawlspace
odours, cleanliness etc.

Homeowner Acceptability: High in this case. Heat was largely
: provided by wood which was obtained at
below market cost. It is expected that
this strategy may cause concern with
energy costs in other applications.

Bystem Load: 7,408 ft> of house volume / person
Ventilation Rates: Low: 0.15 ACH continuous.

DH: 0.3 ACH controlled by a de~humidistat
having a 50% RH setpoint.

Air Quality Index: l=poorest; 0.31=best see Appendix 3.
Low: 0.32 :
DH: 0.31

Energy Cost: $0.08 / £t yr ; continuous at 0.15 ACH

Possible Applications: Single story, single family houses having
extremely airtight upper envelopes, dry
crawlspaces, high constant occupancy,
adequate tempering in crawlspace, and
evenly placed exhaust fans. '

Shortcomings: Lack of air volume control, particularly
: in leaky houses. High energy costs.

Combustion back-drafting must be

prevented. It should be noted that

emissions of radon gas are generally not

considered to be a problem on Vancouver

Island at this time. '

10
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2. POSITIVE CRAWLSPACE BYSTEM:

This installation consists of a central makeup fan discharging into
the crawlspace. Open registers in the crawlspace ceiling admit air

to the living space.
Installation Cost:
Builder Acceptability:

Homeowner Acceptability:

System Load:

Ventilation Rates:

Air Quality Index:

Energy Cost:

Possible Applications:

Shortcomings:

12

$450.00

The cost aspect is positive, but the
marketability is questionable due to the
image of the strategy as being primitive-
and the association with crawlspace
odours, cleanliness etc. '

The same home was used for both crawlspace
tests. The homeowner appreciated that the
delivery of air was more uniform and
controllable with this strategy as opposed
to the negative crawlspace.

7,408 £t3 / person

Low: 0.15 ACH continuous.
DH: 0.3 ACH controlled by a de-humidistat
having a 50% RH setpoint.

=poorest; 0.31=best see Appendix 3.
Low: 0.38
DH: 0.47

$0.08 / ft? yr ; continuous at 0.15 ACH

Single story, single family houses with
dry crawlspaces, adequate tempering in
crawlspace, proper fan location re: noise,
and evenly placed exhaust fans. There are
some advantages for houses having
combustion appliances.

Possible wall condensation in houses
having high generation of moisture.
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3. HRV, (Neutral Pressure System):

This installation consists of a commercial HRV. The minimum
ventilation flow rate (50 cfm) was equivalent to 0.3 ACH. The
maximum rate was equivalent to 0.7 ACH. These rates are twice the
rates recommended by the B.C. Building Code, but they are realistic
in view of the specifications of most commercially available HRVs.

Installation Cost:

Builder Acceptability:

Homeowner Acceptability:

System Load:

Ventilation Rates:

Air Quality Index:

Energy Cost:

Possible Applications:

Sshortcomings:

14

$1,860.00

Acceptability has been growing as the
system is perceived to be favoured by
inspectors. These systems are usually
installed by specialists who are seen as
being somewhat responsible for IAQ in the
house. HRVs are seen as a marketing plus
due to an association with quality. Many
installations have attic ducts and wall
cavity branches which are positive from
the perspective of aesthetics and space
efficiency. Our poll of some 12 builders,
however, indicates that half believe the
system to be Yoverkill®., The cost is seen
as prohibitive by some.

The homeowner was without opinion
concerning the effectiveness of this
system versus any other.

Up to 977 £t3 / person + 12 birds in the
second year.

LOW: 0.31 ACH continuous.
EI: 0.71 ACH continuous.

1=poorest; 0.31=best see Appendix 3.
LOw: 1.0
HI: 0.64

$0.046 / f£t® yr ; continuous at 0.31 ACH

Most houses. There are some advantages
for houses having combustion appliances.
Proper installation and commissioning are
very important.

As with all systems studied herein,
overall airflow is a fraction of forced
warm air systems. Highly occupied rooms,
or rooms containing above average
contaminant concentrations, may not be .
adequately served. Filters, cores and
air intakes require regular cleaning.
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4. “AERECO" Proportional Air Volume System:

This installation consists of a continuously operating central

exhaust fan ducted to

self-regulating exhaust air extraction

grilles in the bathrooms. Makeup fresh air is introduced to the
building via self-regulating inlet air diffusers which are inserted
through the wall close to ceiling level. Each room has either a
makeup air inlet or exhaust outlet.

Installation Cost:
Builder Aéceptability:

Homeowner Acceptability:

System Load:

Ventilation Rate:
Air Quality Index:

Energy Cost:

Possible Applications:

Shortcomings:

16

$1,560.00

The space efficiency and perception of
quality are positive aspects. Lack of
familiarity with the system, combined with
its relatively complex principle of
operation and high price, hinder
acceptability.

The homeowners were satisfied with the
system and had no comments regarding its
performance.

2,733 £3 / person

approx. 0.18 ACH due to improper
installation.

1=poorest; 0.31=best; see Appendix 3.
0.74 for entire monitoring period.

$0.07 / £t2 yr; based on cfm per %RH,
and manufacturer‘s fan curve. Proper
installation would have improved this
cost.

Most houses which do not contain
combustion appliances. Multi-family
dwellings with conducive layouts may be.
economical installations. Proper
installation, commissioning and
maintenance are very important.

All things being equal, cooler houses will
be ventilated more than warmer houses.
Temperature setback energy savings can be
reduced, and warm houses may not receive
adequate air. Wind and stack effect can
reduce ventilation to specific rooms.
There is no provision for air filtration
at this time.
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5. MINIMUM BC CODE BYSTEM:

This installation consists of common bathroom exhaust fans, with
a wall penetration in the living area.

Installation Cost:
Builder Acceptability:

Homeowner Acceptability:

8ysten Load:

Ventilation Rates:
Air Quality Index:
Energy Cost:

Possible Applications:

S8hortcomings:

18

$450.00

This is the most commonly installed system

on Vancouver Island. The 1low cost is

generally the most attractive aspect.
Builders of custom homes often consider
this strategy inadequate from a comfort,
IAQ, and noise perspective.

The homeowner found the house stuffy when
windows were closed, and found the
bathrooms to be cold and drafty.

3,069 £t3 / person; the house was often
unoccupied.

Low: 0.15 ACH continuous.
DH: 0.3 ACH controlled by a de-humidistat
having a 50% RH setpoint.

=poorest; 0.31=best see Appendix 3.
Low: 0.60
DH: 0.69

$0.09/ft2 yr at 0.15 ACH continuous.
Fan wattage was much higher than that of
the other systems.

Large houses having low occupancy are the
most applicable sites.

Air distribution is seldom ensured for
every room so moisture buildup, IAQ etc
can be poor in areas. Fans are often
noisy.

Houses containing combustion appliances
often provide makeup air through a single
wall penetration. If this penetration is
plugged, ventilation is significantly
compromised. Make-up can cause drafts.
There is generally no provision for air
filtration.
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6. WALL PIPE INLET BYSTEM:

This installation consists of a central exhaust fan ducted to the
bathrooms. Makeup fresh air is introduced to the building via
inlet air pipes. These pipes (rain water leader), duct air from
the lower exterior wall to the upper interior wall level where the
air is introduced into the building through a 3" equivalent
diffuser. The pipes are fitted inside the insulation and outside
the drywall surface in order to prewarm air before it enters the
building. Each room has either a makeup air inlet or exhaust air
outlet.

Installation Cost: $600.00

Builder Acceptability: Thls‘optlon is seen as being low cost,
but the extra feature of the pipes is
guestioned by some builders.

Homeowner Acceptability: The homeowners were satisfied with the
system and had no comments regarding its

v performance.
System Load: 3,257 £t3 / person
Ventilation Rates: ‘Low: 0.15 ACH continuous.

DH: 0.3 ACH controlled by a de~humidistat
having a 50% RH setpoint.

Air Quality Index: l1=poorest; 0.31=best see Appendix 3.
‘ ; Low: 0.72
DH: 0.76
Energy Cost: $0.05 / ft? at 0.15 ACH continuous.

Possible Applications: Large house or low occupancy house having
combustion appliances and owners who are
concerned with drafts.

S8hortcomings: Infiltration, and therefore energy costs,
can be high. Wind and stack effect can
reduce ventilation to specific rooms. Fan
location is important. Air filtration is
not likely to be provided for.

20
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7. WALL INLET BYSTEM:

This installation consists of a central exhaust fan ducted to the
bathrooms. Makeup fresh air is introduced to the building via
inlet air diffusers which are inserted through the wall close to
ceiling level. Each room has either a makeup air inlet or exhaust

outlet.
Installation Cost:
Builder Acceptability:

Homeowner Acceptability:

8ystem Load:

Ventilation Rates:

Air Quality Index:

Energy Cost:

Possible Applications:

8hortcomings:

22

$480.00

Those concerned with the performance of
the ventilation system see this as an
improvement over the single penetration
makeup scenario.

The homeowners did not perceive any change
in performance between the 2 modes of
operation, but they felt that the house
was stuffy when the windows were closed.

2,733 £t3 / person.

Low: 0.15 ACH continuous.
DH: 0.3 ACH controlled by a de-humidistat
having a 50% RH setpoint.

l=poorest; 0.31=best see Appendix 3.
Low: 0.68
DH: 0.61

$0.05 / £t° yr ; at 0.15 ACH continuous.

Large house or low occupancy house having
combustion appliances.

Infiltration, and therefore energy costs,
can be high. Wind and stack effect can
reduce ventilation to specific rooms.
Make-up/infiltrated air can cause drafts.
Fan location is important. Provision for
air filtration is unlikely.
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8. “DEDICATED AIR" BYSTEM:

This insta‘llation consists of a standard HRV system with the
capability of closing off the supply air to the living area at
night (either automatically by a timer, or manually by a switch).

Installation Cost:

Builder Acceptability:

Homeowner Acceptability:

8ystem Load:

Ventilation Rates:

Air Quality Index:

Energy Cost:

Possible Applications:

Shortcomings:
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$2,500.00

This system is accepted primarily by
builders who are involved and concerned
with the ventilation issue. The added cost
and complexity, however, serves as a
deterrent in many cases. These systems
are usually installed by specialists who
are seen as being more responsible for
IAQ in the house.

The homeowner felt that both the low and
medium (low plus night dedicated air) flow
rates were insufficient. He, therefore,
felt that the added cost of dampers and
a timeclock were not justified,
particularly in view of his use of natural
ventilation from windows.

3,983 £t3 / perscn.

Low: 0.15 ACH continuous.

Low + DA: 0.15 ACH with living area air
diverted to 4 bedrooms at night.

High: 0.35 ACH continuous.

l=poorest; 0.31=best; see Appendix 3.
Low: 0.59
Low + DA: 0.64
High: 0.46

$0.03 / ft° yr ; continuous at 0.15 ACH
Houses with residents who do not
frequently use their windows, and/or who
enjoy technology. Superior bedroom IAQ is
the feature of this system.

Added cost and complexity.
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6.0 DISCUSSION

The following is a guide to interpreting the bar graphs contained
in this section.

ABBREVIATIONS: N.CR.

Negative Crawlspace House.

P.CR. Positive Crawlspace House.

HRV Heat Recovery Ventilator House.

AERECO Aereco House.

CODE Minimum BC Code House.

W.PIPE House with Wall cavity Pipes
from outdoors to Room Air
Inlets.

W.INLET House with Direct Thru-wall Air
Inlets in each room.

DED.AIR Dedicated Air House.

GRAPH LAYOUT: There are 2 ventilation rates for all houses except

the Aereco, which has one proportional mode of operation, and the
Dedicated Air house, which has 3 modes of operation.

The graphs are arranged so that the first bar represents the data
for the indicated house when the ventilation system was operating
at the "low" ventilation rate (see below). The next bar to the
right represents the situation at the "higher" rate.

Some graphs represent the data from the first year of monitoring,

- some represent the second year, and others represent both years.

VENTILATION RATES

N.CR. LOW = 0.15 ACH Continuous.
HIGH = 0.3 ACH Switched by 50% de~humidistat

P.CR. LOW = 0.15 ACH Continuous.
HIGH = 0.3 ACH Switched by 50% de-humidistat
HRV ILOW = 0.31 ACH Continuous.
HIGH = 0.71 ACH Continuous.
AERECO Self adjusting.
CODE LOW = 0.15 ACH Continuous.

HIGH = 0.3 ACH Switched by 50% de-humidistat

W.PIPE ow = 0.15 ACH Continuous.
HIGH = 0.3 ACH Switched by 50% de~humidistat

W.INLET LOW = 0.15 ACH Continuous.
HIGH = 0.3 ACH Switched by 50% de-humidistat
DED.AIR LOW = 0.15 ACH Continuous.
MED = 0.15 ACH with air diverted at night.
HIGH = ~ CAN F326 (0.35 ACH) Continuous.
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st ditions

.1 The tests were carried out in a number of houses, including 2
single family dwellings; one of which contained the dedicated
air system (2nd year only), and one of which contained both
crawlspace systems (1st year only). The other systems were
installed in 5 attached townhouses which are owned by a non-
profit society whose mandate is to provide affordable housing
to native families. This society owns the units and rents them
to its clients. These townhouses contained the following

systems:
1. HRV , 2. Aereco
3. B.C. Code 4. "Wall Pipe" Inlet

5. Wall Inlet

.2 Occupants of the townhouse units were not particularly involved
in the project; the society entered into the monitoring
agreement during construction and before tenancy was arranged.
Some units were unoccupied during key portions of monitoring
periods, windows were opened in units at random, and occupant
response concerning system performance (appreciation or
criticism) was very limited.

-3 The occupant of the minimum code townhouse did not sleep in the
master bedroom for at least one night during its menitoring
period. This was particularly unfortunate as this system was
anticipated to be the least effective in providing ventilation
to bedrooms. Occupancy in some other houses varied considerably.

.4 All the townhouses, except the HRV house, were monitored
simultaneously. One of them (Wall Pipe 1Inlet) had its
ventilation rates reversed ("de-humidistat" first instead of
®"low"”) as a check for trends caused by weather.

.5 Following the monitoring period it was discovered that the
Aereco system had been improperly installed. The fan discharge
was restricted by a 4" Whisper Grill, rather than having a 6"
free discharge.

.6 Average weather conditions for the respective monitoring periods
can be seen in Summary Chart of Project Results in Appendix 4.

6.2 Monitoring Results

Detailed data was collected concerning €02, temperature, and
relative humidity for each.year of monitoring. Formaldehyde levels
were tested for each unit in the first year and in the two units
where 1levels were the highest in the second year. Volatile
organics and microbiological contaminants were sampled in the first
year of the study only. Please refer to Appendices 10 & 11 for

details.
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- 6.2.1 Indoor Air Quality Index

The overall performance of the houses, with respect to actual
carbon dioxide levels, is represented by Figure 1. See Appendix 3
for an explanation of the calculation of this index. ‘

INDCR AIR QUALITY INLEX
ACTUAL CO2 CONDITIONS
Low number = good 1AD

Figure 1.

[ A .4 WA Index
N.R P.CR HRV FERECD/ |
CODE U PIFE INLET  DEDLAIR

: Topes of Systems
Low vent rate {irst, hish beside right

The smallest bars represent the lowest CO, levels over the entire
monitoring period. ‘

.1 The HRV "low" ventilation rate, despite being more than twice

the rate of the other houses' "low" rates, shows the highest
CO, levels. This is due to very high occupancy (see Figure 2).

SECOND YERR

000 (u. {1, ‘per person

Figure 2.
. M cu. {t/oce
/ / PIFE 4
FERECOMIN. COIE INLET  DED.AIR
Tepe of Sucten
(lou first, H or DM beside to right)
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.2 The “wall pipe inlet" system's high levels are largely due to

the low run time of the fan during de-humidistat control. High
space temperatures Kkept relative humidity 1levels lower than
those of the other houses.

.3 The house containing the Aereco variable air volume system
reported high €O, 1levels. It is believed that these
concentrations would have been lower if the system had been
installed to the manufacturer's specifications.

.4 The code house was kept considerably cooler than the other
houses. This resulted in long fan run times during de-humidistat
control. This house was occupied the least amount of time during
the monitoring period.

-5 Average CO, levels exceeded ASHRAE's suggested comfort level
of 1,000 PPM in seven out of the forty monitoring perieds over
the two year study period.

.6 The overall relative humidity levels were 1lower during the
second year of monitoring despite higher outdoor temperatures.
This may reflect diminished "house drying."

.7 Mold formed on the exhaust grills of the Aereco, "BC Code,"
“wall pipe," and "wall inlet" houses by the second year. Mold
was starting to form on the walls of the upper bathroom in the
"wall inlet™ house; perhaps a result of more freguent shower use
than the other units.

.8 Formaldehyde levels dropped to undetectable ranges in the "HRV"
and "wall pipe inlet"™ houses by the second year. This tends to
support the premise that outgassing declines as a building ages.

6.2.2 Carbon Monoxide

The crawlspace house was the only house which contained any kind
of combustion appliance. The excessive natural ventilation of this
house resulted in the decision to not monitor it for the second
year. See Appendix 4 for results of first year CO spot checks.

"«1 No CO problems were encountered in the crawlspace house.
.2 The reason for high CO in code house at 10:00 am on March 28,
1989 is unknown. The owner's car was in very poor repair and

the driveway is directly adjacent to the front door. Perhaps
car warmup was the cause.

.3 The high CO readings at the other 3 Jacklin Road units occurred
during the burning of leaves by neighbours.
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6.3 Mechanical Ventilation.

Figure 3 shows the rates of mechanical ventilation used for the
study. These rates were set using either a thermal anemometer or
a hood flow measurement device.

SECOHD YERR

0,75 H

in

0.5 Figure 3.

0.00 Bl Mech RCH

HRY COIE  PIPE
RERECO

INET  DED.RIR

~ Type of Sustenm
(Low first, H or DH beside to right)

.1 The "HRVY house was ventilated at rates which reflect the
average performance of common HRVs rather than any specific
standard. The lowest rate was more than twice the minimum code
requirement, and appears to have not been adequate for the
application. As previously mentioned in 4.3, high occupancy
appears to have influenced the HRV's performance.

.2 The "dedicated air" house "high" speed was based upon CSA F326
requirements, which more than double the minimum requirements
of the B.C. Code. The occupants found the higher rate to be
acceptable, whereas the BC Code rate was unacceptable.

.3 No problems were reported concerning the tempering of makeup
air. Members of the local industry, however, report that comfort
problems and significant duct condensation occur in Victoria as
a result of untempered makeup air.
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6.4 Overall Ventilation.
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+5

6

30

Almost all the houses in which tracer gas testing was performed
showed overall ventilation rates which were almost twice the
mechanical rate. The exception to this was the HRV house where
0.7 ACH was supposedly being supplied mechanically, but 0.5
ACH was calculated from tracer gas decay. The reasons for this
exception may be tighter envelope, duct leakage and short
circuiting from supply outlets to return inlets.

Decay tests for the crawlspace house took place while the
house was in the positive pressure configuration (with
crawlspace holes sealed) and while the fan was off. This
house was not tight enough to allow a blower door test; the
required negative pressure could not be reached. Decay test
results show very similar overall airchange for the crawlspace
house (with its fan off), and the HRV house (with its fan on
high speed).

The Aereco system demonstrated fairly uniform air delivery.
It should be noted that the ACH measured during the decay test
prior to occupancy was considerably lower than that of the
other houses. It was discovered at the end of the monitoring
that the system was effectively operating as a constant volume
exhaust system at a rate of approximately 25 cfm. The design
intent was for the system to modulate between 18 and 60 cfm.
The ACH calculated from the manufacturer's 1literature for
proper operation at average actual occupied conditions was
very similar to those of the other houses, but the actual
mechanical airchange was approximately 0.18 ACH (55% of what
would occur with a system operating as per manufacturer's
specifications).

The airchange in the "wall pipe" house was high,
according to the decay test. Air distribution was more
uniform than that of the "wall inlet"™ house which showed
higher ACH on the lower floor than the top. It is believed that
the friction resistance of pipe air flow, the resistance of cold
air to rise in a pipe and the resistance of warm air to flow
down a pipe may reduce the uncontrolled infiltration associated
with thru-wall penetration makeup air.

It was noticed that the decision to open windows in the houses
was often more a result of philosophy than pollutant
concentration. The "HRV" house, for example, seldom had its
windows open despite the very high CO, levels.

Figure 2 shows the amount of gross living space per occupant
of the houses during the second year of monitoring. The least
dense house ("dedicated air") reported that the minimum code
ventilation rate was not adequate when windows were shut.
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-7 Figure 4 shows that the "B.C. Code" house reported high co,

levels when in "low" ventilation (0.15 ACH continuous). To
achieve 0.15 ACH, only one fan, located in the downstairs
bathroom, was used and it had to be taped almost shut. The Co,
sample point was in the second story hallway. Two tracer gas
tests produced confusing results. It is believed that the seed
gas was being drawn downstairs to the exhaust fan. This
prevented uniform decay.

SECOND YERR'S DRTA
MAIN

RPERS
Pgrcem time COZ excesded 800
mOFFM
79
Figure 4.
Ve
N/A
HRY CODE  WALL  UALL V
RERECO FIFE INLET DED.AIR
Suztem Tupes
Low rate first; Hi-;h rate beside (right)
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.8 Figures 1, 5, and 6 indicate that IAQ was generally better with
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constant vent:.lation than with de-~humidistat ventilation in
these houses. This is particularly true for warm houses.

- SECOHD YEAR’S DRTA
BEDROOM ARERS

'Hverage C02 levels
1200 PPH

Figure 5.

Ay, C02

HRY COPE  WALL  WALL
- FERECO PIFE  INLET IED.AIR

~ Sustem Tres ,
Low rate first; High rate becide (night?
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There .is some concern that €02 levels may be excessive at
négh; in bedrooms of houses which are ventilated to the code
standard.

.1l Theoretical calculations indicate that a 225 square foot room
which receives 5 cfm per person of outdoor air will reach €02
levels of 2,016 ppm in 8 hours.

.2 Actual peak levels exceeded 1,000 PPM in every bedroom tested,
and average levels,including daytlme hours, exceeded 1,000 PPM
in 4 of 13 bedrooms. See Figure 6.

SECOND YERR’S DRTA
BEDROOM ARERS
ggak C02 levels
4000 il
00
200
C Figure 6.
1000
}-
0 i e ' = e . -MBX. CUZ
HRY CODE  WALL  WALL
RERECO PIPE INLET IED.RIR
Sustem Tyes

Low rate first; High rate beside (righty

.3 A further question is raised regarding multi-level houses
having central exhaust fans and direct makeup air for each room
through the building envelope: Are there conditions where
stack and wind effect significantly reduce ventilation?

.4 Air flow measurements indicated that the bedroom o0f the
"pDedicated Air" house received 8 cfm during minimum ventilation
(0.15 ACH total house), 12 cfm when the living area was shut off
at night (0.15 ACH total house), and 20 cfm under CSA F326. It
should be noted that the dedicated air rate (0.15 ACH with
living areas closed at night) occurred over a weekend and higher
CO, levels are likely a result of more continuous occupancy.
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.1 Monitoring results indicate that relative humidity can be

2
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determined more by indoor temperature than occupancy. The first
year of monitoring in the "B.C. Code" and "wall pipe inlet®
houses demonstrate this. The occupants of the code house
preferred cool temperatures (average = 18°C) and were not home
during work days. The wall pipe inlet house was kept warm
(average = 25°C) and was normally occupied. When ventilation was
controlled by a de-humidistat set at 50% RH, the sparsely
occupied code house fan was on 98% of the time while the
occupied house fan was on only 12% of the time. See Appendix 5
for real time CO,/RH tracking.

In houses where unoccupied temperature setback is practised,
occupancy may reduce relative humidity due to the increase in
temperature upon occupation. Carbon dioxide may track occupancy
with greater accuracy than relative humidity. See Figures 7,
8, and 9, for average temperature/RH relationships. See
Appendix 5 for examples of the real time relationship between
relative humidity and CoO,.

"Fan run time under de-humidistat contrel is influenced by the

outdoor temperature. For example, using the 46 cfm rate from
both the "B.C. Code"” and "wall pipe inlet" houses in a
theoretical calculation, makeup air at 15.5 deg.C and 80% RH
brings over 19 ounces more water into the house each hour than
makeup air at -1 deg.C and 90% RH.
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Figure 10 shows the relative annual operating costs, per square
foot of floor area, associated with the ventilation systems studied

s

herein. Details of this calculation are presented in Appendix 6.

VENTILATION RELRTED
ENERGY COSTS

0.]q~ uO FT PEr Jear
o.10f

I Figure 10.
0.05F

.
0.00k VENT COST

M.CR P, CP HRV FERECD
COIE WPIPE W IML D.AIR

Tupes of Sustems
Low vent rate first, high beeide right

.1 The results of the tracer gas tests (see Appendix 4 ) seem to

.2

indicate that the reported costs should be adjusted to reflect
the added airchange brought about by uncontrolled envelope
penetrations (crawlspace, wall pipe inlet, wall inlet systems,
and, to a lesser degree, the Aereco system). The HRV and Code
systems would likely not be as affected.

De-humidistat control can be seen as an energy saver in most
cases, however, this mode of control also provided the single
highest cost (Code house). Space temperature is the determining
factor. For example, if a house is at 21°C. and 49% RH as the
people leave and set their thermostats back by 6 C.degrees, it
could be at 15°C. and 72% RH when they arrive home. This assumes
that the outdoor temperature is low enough and that the air is
not changed in the house. Results from the monitoring of the
"B.C. Code" house demonstrate that the effect is real.

The size of the house is significant. The 2 houses contalnlng
HRVs demonstrate this. The "Dedicated Air" house is 3,000 ft
and shows a ventilation rate of 0.047 cfm/ft at 0.35 ACH while
the "HRV" house, at 1,220 ft? shows a ventilation rate cf 0.094
cfm/ft at 0.31 ACH.
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.4 The difference in annual energy cost between the "dedicated air"
house mlnlmum rate and the "B.C. Code" house ninimum rate is
$o. 065/ft . This represents a $65.00 extra annual cost
difference for a 1,000 ft? code house. Estimating that there
are 20 million ft? (CMHC Victoria) of housing starts per year
on Vancouver Island, this difference would represent 28 GWh/yr.

2.0 CONCLUSIONS

2.1 General

Based upon Health and Welfare Canada's Exposure Guidelines for
ti ndoor Air Oualijt no contaminant threshold limit

values were exceeded in any of the houses monitored. The action
level for formaldehyde was seen in the "HRV" and "wall pipe" houses
during the first year of monitoring. Commonly recognized "comfort
levels® for carbon monoxide (5 ppm) were exceeded in the Aereco,
"BC Code"™ and "wall pipe" houses. Seven of forty monitoring periods
reported had average CO, levels which exceeded ASHRAE's suggested
comfort level of 1,000 PPM. Health and Welfare Canada's relative
humidity guideline (55%) was exceeded in 22 of the 40 test periods.
The most highly ventilated home (HRV) came the closest to being a
health concern with respect to CO,. The main reason for this was
its very high occupancy.

See Appendix 4 for a tabulation of results, and Appendix 5 for
graphs of results.

7.2 _Indoor Air OQuality

.1 High occupancy, as seen in the "HRV" house, can cause poor air
guality in a house ventilated at twice the minimum code
requirement.

.2 System effectiveness can be seriously compromised by common
installation practices and air distribution design. The "“HRV"
and Aereco houses demonstrate this for complex systems, and the
%B.C. Code" house does so for simple systems.

.3 A reduction in "house drying" may account for lower RH levels
in the second year of monitoring.

.4 The reduction in formaldehyde levels by the second year may be
the result of diminished offgasing.

.5 Relative humidity levels exceeded 70% in only one of forty
monitoring periods. This would seem to indicate that there is
no concern with relative humidity, but the sample location was
in hallways and bathrooms showed signs of mold growth. Based on
the fact that mold was occurring, we conclude that the low
ventilation rate (0.15 ACH), which the houses were operating at
throughout the year, is not adequate. Furthermore, the proper
location of a control de-humidistat would be important to the
success of that control mode.
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.1 No serious concerns arose throughout the course of this work,

2

but the only house containing combustion appliances was very
leaky, and it was monitored for only one year. 1In view of the
above, it is difficult to draw meaningful conclusions about CO
and its prevalence with certain ventilation systemns.

The location of plumbing and flue stacks, exhaust discharge,
and parking (even open driveways), should be considered when
choosing the location of makeup inlets.

7.4 Mechanical Ventilation.

«1

2

The "dedicated air" house "high" speed was based upon CSA F326
requirements, and more than doubled the minimum requirements of

The volumes of air and methods of delivery specified by the
current BC Code can easily result in under-ventilation of
specific rooms in houses. CO, levels were high in almost all
bedroons. To have a relatively high confidence in the air
quality throughout a house, makeup air should be delivered to,
or exhaust air be taken from, each room in a house continuously.
Furthermore, it is concluded that the gquantity of air be
specified at higher rates than presently required by the code.
See Appendix 7 for schematic drawings of recommended systems.

Although no carbon monoxide or combustion gas problems were
encountered in this work, common sense dictates that negative
pressures in excess of 5 Pa should be prevented, through
ventilation design, in houses with spillage susceptible
combustion appliances.

Development of certification for installers and/or
inspection/commissioning of systems would improve actual

‘ventilation performance, particularly for the more sophisticated

systens.

Use of the dedicated air approach (closing air to the 1living
areas during the night) resulted in a 50% increase in the amount
of air delivered to the bedroom. Although this was not noticed
by the occupants, probably due to the overall low air quantity,
the principle is proven to be effective.
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9
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De~humidistat fan control can result in poor air quallty in warm
houses. De-humidistat fan control can result in high energy
consumption in cool houses.

Houses which do not contain fully distributed ventilation
systems (balanced per room) and where special attention has not
been paid to the location of both exhaust and makeup, can
contain poorly ventilated areas.

Houses which rely on a single point of exhaust draw larger
volumes of "contaminated" air to that point than are seen at
any point in comparable houses having multiple exhaust points.
See 6.4.7.

Single point of admission of outdoor air with ducted
distribution, is favoured, over one inlet per room, for its
potential advantages in tempering, filtration, and controlled
infiltration. If the exhaust discharge is located on the same
orientation, with adequate clearance to prevent re-entry of
exhaust air, the effects of wind can be lessened. The "wall
pipe" technique, used in the study, can be used with the single
point of entry to maximize tempering.

Systems should be designed, or at least be approved, by
trained, third party designers who will choose the appropriate
system based on site (ground moisture, wind, solar exposure
etc.), the application (multi-family/single family, high
occupancy and so on), use of combustion appliances, and floor
plan.

.11 The arrival of natural gas service to Vancouver Island is

12
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likely to result in a marked increase in the use of forced warm
air systems.

Improved pricing for developments in CO, control, occupancy
detection, variable air volume, ventilation options for
hydronic and electric baseboard systems, fan noise abatement,
and combustion appliance interlocking will continue to
increase the capabilities and complexity of residential
ventilation. ' :
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.13 The range of installation costs for the systems outlined in

y i

Section 5 is $450 to $2,500. Whether the added cost of the
sophisticated systems is justified is a widely debated topic.
Similarly, there is debate over whether it is the individual's
responsibility, or an agency's responsibility, to ensure
healthy environments in private residences. This report is
promoting practices which will help ensure good air quality in
houses. The effects of energy efficiency on the province's
electrical generating capacity (see section 6.7.4), and the
effects of gas and oil furnaces on global warming should also
be considered.

SECOND YERR
Installation Cost

mllars

Figure 11.

Bl Inst,Cost

RERECO INLET  DED.AIR

- Tupe of Susten
(lou {first, H or DH beside to right)

Overa ventilat

.1 The positive crawlspace system provided more controlled

ventilation (less infiltration) than the negative crawlspace.
systemn.

Mechanical ventilation, as measured at the fan, c¢an be
significantly less than effective ventilation in the space. Duct
leakage, short circuiting from supply to exhaust grills, and
undistributed systems can contribute to this.

Undistributed systems having single or multiple wall
penetrations can result in high infiltration rates which vary
with wind and temperature conditions. Highly visible "straight
through-wall"® inlets are often plugged by occupants who are
concerned with draughts or energy costs.
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The simple calculation of fan and heat energy associated with
mechanical ventilation does not tell the whole story. The impact
that these systems have on natural ventilation should also be
considered. The type, location and size of makeup air inlets,
for example, is important.

De-humidistat control results in considerable cost savings over
continuous fan operation for dwellings maintained at occupied
temperatures. Houses where lengthy setbacks occur, and/or where
occupied temperatures are low, however, can be over-ventilated
and have higher energy costs. ‘

Based on the calculated difference in annual energy cost between
the "dedicated air" house minimum rate, and the "B.C. Code"
house minimum rate, and an estimate of 20 million ft? of housing
starts per year on Vancouver Island (CMHC Victoria), up to 28
GWh/yr extra consumption would result from the installation of
all minimum "BC Code" systems, as opposed to all HRV, if all
heating was electric. This extra consumption is enough to
provide the complete energy needs of approximately 1,100 Quality
Plus houses; each containing a family of 4.
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ANNUAL METEOROLOGICAL SUMMARY FOR - VICTORIA, B. C.

CLIMATE | Page 3

Victoris, B. C. enjoys a mild, maritime climate, Situated as it is on
the socutheastern tip of Vancouver Island, it is bounded by water on the scuth
and east, Juan de Fuca Strait, some 18 miles wide, to the south of Victoria,
lies between scuthern Vancouver Island and Washington State, U. S. A, Haro
Strait, the Gulf Islands and the Strait of Georgia lie to the mortheast be-
tween sastern ¥ancouver Island .and the mainland.

The Olympic Mountain Range in Washington, some 25 to 30 miles to the
south, rises sharply to 4000 to 5000 feet with Mount Angeles at a height of
6500 feet and Mount Olympus at 7913 feet. This range of mountains tends to
shelter us from the major precipitation effects of many Pacific storms, since
moisture laden air, from a southerly direction, may be dried considerably in
passing northward across the mountain barrier, to produce a rain shadow across
this region., Some increasing in shower activity results over the area when cool
moist air from the morthwest is forced to rise on the morthern slopes of this

mountain range,

4 lower range of hills or mountaine on southern Vancouver Island ranging
from 1000 to 3000 feet give protection from moist westerly winds from the Pacific
Ocean with the air being dried comsiderably as it drops mmch of its moisture on
the windward or western slopes. » '

Normally this area is under the influence of a mild westerly eirculation
of air from the Pacific Ocean vhich in summer gives rise to pleasantly warm
veather with abundant sunshine and scme shovery periods, while in the winter
provides generally mild weather with considerable cloudiness and periods of rain.
Howvever periods of northerly winds in summer gives rise to clear hot weather,
wvhile these winds in winter keep the weather cool und mostly ecloudy. Masses of
very cold continental Aretic air, which from time to time pour southward into
the interior of British Columbie and the Prairie Provinces, very infrequently
reach Victoria, during the winter season. These outbreaks of eold, dry air are
sccompanied by a period of snow and strong northeasterly winds and followed by
clearing and much colder weather, This iz mormally followed within a few days
by a trend to milder weather with esnow changing rapidly to rain as the temp-
eratures rise wvith the arrivel of the milder air from the Pacific Ocean. The
highest temperature recorded during the summer bas been 95.2 degrees on July 17,

4941 while the lowvest winter temperature has been 3.8 degrees on December 29, 1968.

Extremely low humidities are not common but do occur with the warm dry
northerly winds for short periods in the summer and the cool dry Arctic air
vhich infrequently invades this area in the winter. Average relative humidity
for Victoria in the summer months is 79 percent and in winter 86 percent.

‘ The prevailing wind direction, as determined by the mumber of hours the
wvind blows from each direction, is from the North, during the months of October
through to February, and from the Southwest during the periocd May to September,
and from the West during March and April. Winds of gale force from the South-
east and Southwest, preceding and following Pacific storms onto the coust, are
quite common in the winter months vhile & sea breeze from the Southwest is
common during the summer afternocns.
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Page 4 V
CLIMATE {continued)

The cooling effect of this sea breeze is felt at Gonzales Observatory
and along the southern shoreline of Victoria, and to a lesser degree north-
ward awvay from the shoreline. Therefore temperatures experienced here with
the afternoon sea breeze will be lower than those further inland from the
wvater and the extent will depend upon the strength of the resultant pene-
tration of the cooler air over the land areas.

With northerly winds, air reaches this observing point after passing -
over the land area to our north. Therefore temperastures as recorded here
with northerly winds are representative of the Greater Victoria area, With
clear skies and 1light winds at night, the cooling air collects in low lying
more sheltered areas and temperatures are normally much lower in these ureas
than they are at the Observatory. The mixing and stirring of the air produced
by the wind tends to minimise the temperature difference under stronger wind
conditions. Therefore temperature observations teken in more sheltered areas
of Vietoria tend to be higher on the average during the summer months and
lover during the winter months, than those recorded here. However over the
year, the average temperature for all stations is near 50 degrees.

_ Victoria has the highest average number of hours of bright sunshine

in British Columbia and one of the highest in Canada. Its average of just
over 2200 hours of sunshine is exceeded by less than 100 hours by several
stations on the southern prairies.

Patches of fog form from time to time, in lov lying areas, during
the Fall and Winter seasons btut widespread heavy fog occurs very infrequently.
During the Summer months banks ef fog form in a morthwesterly ecirculation of
air along the West Coast of Vancouver Island, drift eastward through Juan de
Fuca Strait and may invade the Victoria shoreline in the morning hours and
retreat from the sboreline during the day.

Y3
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SOMMAIAE METGOROLOGOOUE ANN;JEL
VICTORIA mmnquu. AIRPORT

" doefpour

YEAR S\NEE 198 7

METEOROLOGICAL DATA FOR THE YEAR / DONNEES METEOGROLOGIQUE SQUR L"ANNEE

NOTE: The loliowing unils sre used Throughout thit UMMy -
Tomparawure: Degrees snd wnths Celeivs ‘o
Degroe Day: Differenca of Oaily Mean Temperature frem 18.0°C
Rein: Millimetres and tenths (mm)

Snovs: Centimetras and tenths (om)

To! Precipitation: Millimetres and tenths {mm)

Wind Speed: Kilomstres per howr (km/h)
Wind Direction: Dirsction {trus north] from which the wing iz biowing.
Baromatric Pressure: Kilopescals and hundradths (kPa)

Sunshing: Howrs and wnths of dright sunshing,

AVIS: Unitds Utitisdes —

Tempéeature Degrds et dinidmre Setams *cy

Oegré Jour: Ditidrence entre 13 “e=oaratuie suyenna thi jour ¢t 18, o'c

Pluie: Millimetres et dincdimey ==
Neign: Centimetres @t dizsgrmo =

Vitssse du vent:
Dirsetion du vent: Direttion i
Pression Baromdtriqua: Kilapas:ws ot cantiémes (kPsl
insolation: Nombire dheures a1 2 s«<-nes Jinsolaiion eifective

Pedeipitasion Totaia: Millimer.a 42 govidmes (amnd
Kitomdtres 33° ~gure (km/h)

: gdogranhunuel d'ou iz vent soulile,

mmm

TEMPERATURE / TEMPERATURE OEGREE DAYS
MEAN / MOYENNE NORMAL / NORMALE EXTREME / EXTTEME g:cass JOURS
MONTH ' > W < w - - 3Ll 2w
AHEIEEERE I IR N
JAN/IAN 7.3 1.2 | 4.3 ] 6.0 0.1 3.11 13.1 | 11 | =3.5 | 8 | 425.0 | 463.5
FER/FEY 9.8 2.9 6.t 8.2 1.3 4.8] 12.7 b | -2.7 | 28 | 325.9 [ 374.5
manman| 11.2 2.7 7-0 9.6 1.7 5.7] 17.6 | 31 | =i.5 1] 3%i.3 | 382.6
arr/avR | 14.3 4.7 9.5 | 12.9 | 3.9 8.4} 22.8 | 27 | -€.2 | 19 | 254.2 | 2B88.4
savmal | 17.3 7.4 | 12.4 | 16.5 6.7 11.6] 25.6 7 4 |19 { 173.7 | 197.8
aunisome | 20.5 9.2 | 14.9 | 19.2 9.4 14,3 28.3 | 29 E,7 1. 2 97.2 | 113.9
wusue | 21.5 1 10.9 | 16.2 |.21.7 | 10.8 16.3] 29.2 | 17 2.9 | 15 60.4 6.1
auc/aotr 22.7 | 10.3 | 16.5 | 21.4 | 10.7 16.1} 29.8 | 31 7.5 1 21 52.3 66.4
serrrser | 20.9 8.6 | 14.8 | 19.0 8.7 13.91 30.3 1 2.2 | 27 | 101.1 | 124.9
ocrrocr | 17.0 | 4.8 | 10.9 | 1.1 | 5.6 9.9/ 27.6 | 1| .9 |26 | 219.1 | 251.8
NOVINOV 1007 u 0 7.“ 9.“ 205 600 1“06 1 ’:né 17 318-9 3&.2
oecoéc [ 6.5 0.3 | 3.4 | 7.1 | 1.3 4.2] 10.9 | 6 | =3.3 | 31 | 450.8 | 427.1
vear | 15,0 | 5.6 ] 10.3 | 13.8 | 5.2 9.5| 30.3 {5P | 3.5 | Jamni2819.9 [3115.2
ANNEE i 8
PRECIPITATION / PRECIPITATIONS
. MONTHLY / MENSUELLES NORMAL / NORMALE | EXTREUE { EXTREME
Tcw | Sgw -
c I ET] P P PP P S
HHHHE R R RN R HE R AR
snnan | 127.9] TR 127.9] 134.0f 20,0 154.3] 12.6 F6 17.2. 2 TR [26] TR |26
FEBIFEV 60.0f 5.2 65.2f 9i.1 8.1( 99.2] 20.0[ 1] 2:.5:1 4,0 128 5.2 |28
manmar| 77.9; IR 77.91 65.5 6.17 71.7] 17.4]3 2‘3.:’:; 2 TR 1] IR i
APR/AVR | 51.2 $1.2] 38.9] 0.3{ J39.] 7.8 01 18.2 30
mavmai | 38,4 38.4| 28.5 28.5| 8.4j11| 12.2:30
JUNLIUIN 9.6 9.6{ 29.0 29.0| 6.81]11 g.58120
wuse | 13.0 13.0f 18.1 18,11 3.019f &s26
avciaoUt  11.4 11.6] 26.7 -1 26.7] S.61131F 7403
seevser | 1.8 1.8] 39.6 39.6] o0.6)14] 1.21b
ocrioer | 13.6 13.6] 78.b 78.6] G.8(30| €.231
novmov | 71,0 21.0! 128.4 2.3] 130.8] 17.021§ 13.221 ‘
oecoéc | 176.7] 1.0 | 175.7] 1ub.b] 13.1] 157.0 Ju.6) 9] %19 1.0{18 1.0 |18
.5 6. . 6 w9, 9| 36.6[Pes .ulb‘ﬂ-uo 2 ffeu
Jun | 650.5| 6.2 | 656.7) 822.6| u9.9| 29| 3 6"’9 7. P l; 5.2 ot




@wAAIRE METEORDLOGIOUE ANNUEL

o - VICTORIA INTERNATIONAL AIRPORT YEAR/ANNEE: 1987
METEOROLOGICAL DATA FOR THE YEAR / DONNEES METEOROLOGIOUE POUR L'ANNEE
SUNSHINE / INSOLATION WIND / VENT. ° ‘
- [ 4 NORMAL MAX FOR § MIN HIGHEST GUST -
Zo o3[032 '»'...35! L% e .e|fzzp| wosmaie | waxsoumiwin | marate maximum
r:;“ ;§'§=§ §55§- 33535 33 :835 13 ¥ - Z [omecrion DIRECTION
133z mEicascera £r |SRERBEZl eE | £ | v, | 3| e | B
382" 24 -?533‘ 2"355, £z e >3 5338 ;? § m::c:?ou & | owmecrion S
. $ > & | evviresse €7 VITESSE
nan | 60.6] 22 9 63.8] 9.2]| SE |12.5| w 41 SE 2| 67 SE | 2
WEEV 9.4 32 3 86.0| 83| W 12,1 W 2BWNW | 22| 50 WsW| il
amar| 133.9{ 36 7 164,01 7.6 W i2.5| W 30 SE 16 { 44 SE 16
vava | 179.4 } b & 180.3] 9.3 | W 12,11 W Jowsw 16| &3 SW i8
vmaar | 288.6] 61 255.9] 9.3 W 11| v J3WSW| 31; 52 SE 2
wuwn | 316.0f 66 257.5f 8.9 W 10.5| SE 28 WSW| 14| 44 WsW| 21
pue | 292.7]| 60 329.0( 8.7 W 9.5| SE JOESE| 22| 37 ESE| 22
siaour] 348.2 1 78 i 273.8] 6.9 W 9.2| SE 28 SE 12| 32 SE 12
aser | 269.50 71 | 1 | 19.7| 6.5{ W 9.1} W 28WSW| 2| 44 WsWw| 2
roer | 214.0 | 64 1 4.3 5.9 W 10.1] W 20 SE- 2 _
VINOV 55.0] 20 8 77.8] 7.6| W 1147 W 4L ESE| 30| 74 ESE 30
WoEC .4 28 |10 51.6{10.2] W 2.7 W &6 SE 9{ 74 SE 1
ean |2323.7] u9 | ws |20s8.7| 82| W [111]| w 46 SE |Dec | 74 ESE |Nov
nEE 9 30
© Indicates later cccurrence of same spesd/Indique des donndes poéto’riouns de la ! ‘
' afme vitesse ¢ .
 BAROMETRIC PRESSURE /PRESSION BAROMETRIOUE® %
. ]
STATION LEVEL ! MIVEAU DE LA STATION $EA LEVEL / MIVEAU DE LA MER g
ONTH - ]
- = - ] H ) o E 23 !
b B (e B (e E [ # (5|8 g
3P| 8% | S| 5 || gR| | [ i3 | °|iF |°|fe.
wian | 101.956] 103.51] 15 1 98.99] 3 {101.63{101.80 {103.76 | 15 | 99.22 | J |101.88
weév | 101.50| 103.14] 19 99.20{ 1 }101.64]101.73 [103.38 | 19 | 99.43 1 ]101.89
amar | 101.26] 103.12] 28 | 99.47] 3 {101.56|101.48 [103.36 | 28 | 99.71 | 3 |101.81
wave | 101.53] 102.98] 19 | 100.05| 30 {101.65{101.77 {103.22 | 19 ]100.28 | 30 |101.90
vmai | 101.41) 102.96] 5| 99.85| 30 1101.67{101.64./102.80 | S }100.08 | 3O {101.92
wrnn | 101.54] 102.93] 2 | 100.48| 29 [101.60(101.77 {103.17 2 |100.,71 | 29 1101.85:
Joone | 101.26] 102.24 31 | 100.29] 17 §101.74{101.49 1102.47 | 31 1100.52 | 17 {101.95
ciaoir| 101.58| 102.45] 17 | 100.48] 13 101.62]101.81 {102.69 | 17 [100.71 | 13 |101.87
wisee | 101.63| 102.61] 27 | 100.71] 14 1101.61{101.87 1102.85 | 27 100,94 | 14 |101.86
voer | 101.84] 102.97) 26 | 100.73] 31 1101.61)102.07 §103.21 | 26 1100.96 | 31 101.86*
vmov | 101.53] 103.16| 25 99.211 30 {101.59{101.77 {103.41 | 25 | 99.44 | 30 [101.84
coéc | 101.44| 103.68] 12 | 98.57| 9 [101.54/101.67 1103.93 | 12 | 96.80 | 9 [101.79
vEaR Dec Dec Dec Dec S |
~~¢! 101.51 1030“ 12 98057 9 ‘01062 10107“ 103'93 12 9aoa° 9 101087: G
Kuopnes! ® G.29528 lnches of moreury § 3386 kllopmesn © € inch of mareury g E
‘ ® 0.29519 pevers @0 merewre { 3306 Lisosecan @ © BBves do moreure C
. L .s'ai. L 417,.., * sl gEtie. ‘m ‘ E
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VICTORIA INTERNATIONAL AIRPORT

vear/année: 1987

o B
MONTHLY AND ANNUAL EXTREMES OF RECORD/EXTREMES MENSUELS ET ANNUELS AUX REGISTRES
.‘ TEMPERATURE / TEMPERATURE PRECIPITATION / mé;muﬂous
}. g'ﬂ (z)w
MONTH | &2, - I > @ > W :>;d3 >Edu It ]
mois | 523 | eu | 533 e |52 ER| oy Biil o¥ |Erady| ol |57e8Y| cv [¥3gaY cu
SHEIEHEL B BElF R B
ELE AR ER R - BT T R L T HER AR -
sansan | 15.4 1984 1-15.6 11950 | 6.3 1983 | —4.4 1950 | 358.9 1953 | 19.0{1985] 81.5 B930
resmév | 18.3 1963 115.0 1950 | 7.3 1963 | 2.1 [1956% 176.0 11961 | 38.6 11966 | uk.5 1949
marmar| 20.0 [1962¢] -8.9 1951 | 9.0 igul | 3.7 /1955 | 14k.5 972 | 17.0 0965 31.2 1951
asrsave | 26,6 197t | 3.9 11956 | 11.3 g1 | 6.4 01972 | 104.7 f970| 2.0 1956 7.1 1955
mavmar | 31.5 1683 | -1.1 195k | 14,2 1958 | 9.8 L1974 | 102.1 pou8| 8.91972] TR Q955
sunou | 33.3 142 | 2.2 1976 ] 16.9 1958 | 12.4 1971 | 82.8 1956 2.5 1951
oo | 36.1 f1out | 4.1 11979 19.1 1958 | 14,4 11955 | 49.8 1966 Nil 1958
AUGIAOUTY 34,04 1960 | 4.4 1973 | 18.0 j1h2 | 14.5 1973 | 96.5 1975| Nil 1986
serrsser | 31.1 [1955 | =1.1 1972 | 15.9 1957 | 11.9 1972 86.4 1959 1.8[1987| TR R97R2
ocrocy | 27.6 11987 | .t 1936 | 1201 1o | 8.1 f19u9 | 202.3 1975 | 13.6[1987| TR T
novmov | 18.5 1975 F13.3 1955 B.9 9| 0.7 1985 | 267.0 1955 | 29.0 1943 45.6'11985
oecoéc | 16.1 19u0el1l.b o6 6,3 11950 | 1.1 1961 | 294.9 1972 | 22.9 1985 7.7 1968
YEAR Jul - an ol | Jan an Jul an
ANNéE 36.1 19“1 P1506 k95° 19¢1 F’9ﬁ -l&.u 1950 358.9 1953 Nil 19581 81.5 1950

PERIOD OF RECORD/PERIOD DE REGISTRE: 1941 - 1987
e Indicates first of more than one cccurrence

VICTORIA INTERNATIONAL AIRPORT

[Indique le premisr de plusisurs

vear/annee: 1987

feripour
MONTHLY AND ANNUAL DEGREE-DAYS/DEGRES-JOURS MENGUELS ET ANNUELS

woNTH | DEGREE-DAYS ABOVE/DEGRESIOURS AU DESSUS DE DEGREE-CAYS BELOW/OEGRES-JOURS AU DESSOUS DE

MOIS 5 °c 18 e °c cp e 18 °c °c °e ec. e
JANIJAN 24.9 425.0
sesrriv | 47.6 325.9
Hummm 73.5 341.3
apr/ave | 137.8 254.2
(mavmias | 229.3 173.7
sunium | 2946 2.6 97.2
Ui | 347.7 5.1 60.4
AuG/A0UT| 357.5 6.8 52.0
SEPISEP 293.9 8.1 101.1
ocriocT | 186.5 219.1
jvovmnov | 76.2 318.9
OEC/DEC 22.2 450.8

Jear [2091.5 | 19.6 2819.9




s YICTORIA, GONZALES HEIGHTS,

B.v-

YEARIANNEE

1997

METEORGLOGICAL DATA FOR THE YEAR / DONNEES METEOROLOGIOUE POUR L'ANNEE

TE€: The folowing units sm wsed th :
wersrure: Oegross end wnwths Catcius { ‘a
voe Daw: o-vmaomu-ntmmmuoc

o WMillimnetres and tgaths fwewl
w: Contimetres and Wnehs lond

his B

o Prgcipitarion: Mitlimetres and sonehs {wemd
& Soced: Kilometres per hour (km/hi

o Direction: Direction {trus Rorn] mmmm-m

smetric Prassuve: Kicpescals and hundredtive (kPa)

Y o=

AVIES: Unitds Utilisdes =

Tempsérsture Dogrds et dinidme Calsius { )

Degré Jour: Dilférence entre s ternpérTatume rmumanne o i et 18.0°C

Piuie: Millimatres ot duncdmas (Fuml
Neige: Contimeatras et dinidnes lcmi

Précipitation Totsle: Millimetres et diniémes {mm)

Vitgssa du vent: Kilomiéires per hevre (ki

Dicection du vent: Direction lror giogranhavel 4'ou e vent soulfie,
Prazsion Baromdirique: Kilopeacals et centiémes (kPz)

ehing: (4ourms snt sanths of bright surshing. gtion: Nomire d® @t dencienes & intoistion allsctive .
TEMPERATURE / TEWPERATURE DEGREE DAYS
MEAN / MOYENNE NORMAL / NORMALE EXTREME / EXTREME DEGRES JOURS
we [T T 23] 2 [ 5 |,8] 3% T RONT
| 3 [ES| E |z |3s| 325|332 ¢8558 i3
‘28 3 s x x S weeg &
| 0§ |88 | 3 [ § |*3|33|°|3:8|" |38 %2

JEAN 7.51 3.6 5.6 6.1 2.1 L1 1.3 11 =1.3 |15 | 3U.T | 430.0

PEV 10.0! 5.5 7.9 .2 3.4 §.2§ 13.2]|10 2.9 |28 | 296.9 | 345.1

RAIAR 11.7 5.5 8.6 9.6 307 6.7 17.5 31 v 06 1 2‘;9.9 ' 35907

vave | 13,7] 7.0 10.4 ] 12.5 5.6 G.1| 20.3]|26 3.1 117 |229.3 |266.3

vmns | 16.8] 8.8 | 12.8| 15.7| 7.9) 11.9| 24.6| 6.2 {16 |161.0 |191.3

SN 19.1! 10.1 161 17.7 S.21 13.8] 28.2 25 6.4 F 2 1103.8 | 12€.1

SR 19.5] 11.3 15.4 19.71 11.1] 15.4 ] 25.6 ] 17 8.2 11% 81.7 27.1

smolt 20.7 | 11.6 16.2] 19.4] 11.3] 15.3| 29.5| 31 9.3 |21 62.1 5.3

TEEP 19.51 10.9 15,27 18.0] 10.4] 14.2] 29.1 1 7.9 |27 %7.6 1 117.0

70CT 16.4] %.% 12.6] 13.7 7.9] 10.81 24.6 1 §.3 124 |169.3 |223.1

wmov | 11,1 6.9 9.9 9.3 5.0 T2] 14.0] 9 2.2 117 | 270.6 | 325.2

) =PoEc T.2§ 3.0 5.1 7.2 3.3 8.3 10,7 8 0.4 124 139%.6 |395.4
f 013 Jan
Sar | 14ea] 7.7 | M 13.1] 6.8] 10.0] 29.5 |31 | =13 |15 p531.5 | 2946.7
PRECIPITATION / PRECIPITATIONS
MONTHLY / MENSUELLES NORMAL / NORMALE EXTREME / EXTREME
] ] - .

?:'-;u ] § g 5 § g 2 zx | g3 2 A m.u: SHOW msu‘::
52 |5z 5 221 28 5 2 lel € |@| € |w| € |@
i3z |83z| ® =1 T < |&] = [& = |§| = |5

wan | 102.6] 0.2]105.4] G2.0f 13.7]110.7 2.0 [0 0.8 |31

seév | 20,7 0.0 20.7| €9.4 L] 73.6 .2 |29 0.9

amar] 31.4] 0.0) 3.4 L41.8%] 4.9 46.9 10.91] 2 0.9

JIAVYR 3&.2 0.0 ,Loz 30.2 0.3 300‘ sc ] 3°F R s

wpiat | 21.9 0.0 21.0F 19.) 0.7 19.3 ].9 [ 13 &9

AIHRIMN 1,8 0.0 10. 2001 OQQ 20.1 9.9 11 0.9

SHIL 1106 0.9 1 1.6 1,0‘ 009 13.‘ $n° { 0.9

craoly 13.% 0.9] 13.8] 21.9f 0.9 21.0 13.9 |12 0.9

TISEP Le2 0.9 L.21 3.5 0.0 33.5 2.5 |1 0.

T/0CT 7.8 0.9 3.2] 63.4] 0.9 63.4 3. |25 0.9

vmeov | §4.6 0.0 S2.6) 94.1 131 95.7 12.8 |30 0.0

cotc | 110.9 0.0]110.5 111.4 T.77119.2 25.2 1 9 c.C

Y1l 5
rean | 412.2. 0.8 | £13.0] 615.6 | 32.0647.2 32.0 |31 0.6 | N
wnée ' '
=hour Extrese uu/s«w refers to 1 mxtrrmon DAY (182-182)
hL i Loy 19 o
.2 - '-i& - ’ .‘:." .\\é&- - ‘ﬁ&;.’-




prv—:

foripowr YICTORIA, GONZALES HEIGHTS, B.C. ’ * YEAR/ANNEE: 1937

METEOROLOGICAL DATA FOR THE YEAR / DONNEES METEOROLOGIOUE POUR L'ANNEE

SUNSHINE / INSOLATION WIND / VENT
el o { o NORMAL MAX FOR 1 MIN HIGHEST Gu:fM
Zo W@ 0230 > w@Sl LW |w | 2Z2Z2| MORMALE MAX POUR t MIN | RAFALE MAXIMU
e gg»i::g ";éggs §§§3§ L3 ggg% 5%?,2 N Z | omecrion DIRECTION
€228y mOU-aSEua £ |WEEXISLEE gR | E | awo 1 ow | 4w v
329z, [£.330c%22% 2z < >3 8Z53| wu Q SPEED < SPEED b
> oo~ {12 “Zan a90g| &= - DIRECTION 0 | oirecTiON
¢ 2 > 5 | evvivesse €T VITESSE
JANIIAN 4.3} 27 A 62.1116.9| H |19.2] N E 79 2 |ESE 118) 2
FEB/FEV | 96.5| 34 3 96.0|16.9]| X 1R.5| N W 76 1{¥ 103 1
marmar | 12£.9 | 3 5 | 151.0/15.6| N 118.3| usw| sw 60 | 25|sw 90| 25
arriave | 197.7| 43 3 | 201.9({16.9| S/ |18,2| wSsWi S 60 gisWw 98| 7
MAvaMAl | 298.6 | 63 0 276.% 1 17.0] S4 | 13.6! WsS4! SE 52 2| ESE &1 2
JuNauin | 351,81 73 0 274.83116.9 | SW | 18,6 WSWw| SW 47 BiWSW 69| 15
UL | 297,71 59 0 341.8 M| M [17.4] WSW: M M B{WSW 76| 15
AuG/aouTl 360.5 | %1 1 298.4 | 14.5] SW [16.4! WSW| SW 5% LIWSW 72 L
SePT/sEP M| M M ] 205.7}13.8) S¥ [14.01 wsWw! w .7 1{WSW 71 2
ocTiIOCT | 220.G | 66 1 144.9 {117} N 15.8; N S &2 21WSW 481 23
NOV/NOV 62.1{ 22 6 23.0[15.6| N 18,2} K Em 30 {ESE 116| 30
DECPEC | 70.3 | 27 10 58.71 19.3] B }119.7| N E 7 8] SSW_114 9
Jan Jan
YEAR M ¥ M [2191.9] 15.9] sw [17.7]| wsW| E 75 2| esz 18| 2
ANNEE
BAROMETRIC PRESSURE °/PRESSION BAROMETRIQUE®
STATION LEVEL / NIVEAU DE LA STATION SEA LEVEL / NIVEAU DE LA MER
MONTH w ! CqW w w
w - 3] - Ao - & b 3] b < o
Ml zE | 33 | e | 3% | e | F3| 2E | 33 || 3% |¢) i
£ | 3 | 8| 2 (3| 8BE | 3z | zx &) iz | & | &3
g i3 iz zz 3 33 i3 zz
JANIIAN
FEB/FEV
MARMAR
APR/AVA
MAY AAL
JUNIIUIN . -
JLLUIL NOT AVAILABLE
AUG/ADUT :
SEPT/SEP i
oCcT/OCT \
NOV/NOV :
DEC/DEC g
. i
YEAR | : .
ANNEE J | :

°1 Kilopescal ® 0.29529 inches of mercury / 1,386 bilopacals ™ 1§ inch of mercury
& 0.29529 pouces 6 mevewre | 3.386 ilopscsis © 1 pouce de Mercure
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Mechanical
ventilation
requirements during the heating seasom, at least 0.5 air change per hour or

B.C. BUILDING CODE 1983

FIRST REVISIONS
| SEPTEMBER 1988

SUBSECTION 9.33.3. MECHANICAL VENTILATION
(See Appendix A.)

9.33.3.1. [Except as required in Article 9.33.3.2., dwelling units

shall have & mechanical ventilation system capable of providing,

according to Table 9.33.3.A.

$.33.3.2. Mechanical ventilation systems in dwelling units

designed in accordance o Part 6 to distribute ventilation 2ir to or

from all habitsble rooms, but excluding such rooms as storage,

foyer, laundry or mechanical rooms, shall be capable of providing,

during the heating season, not less than 0.3 air change per hour or
. according to Table 9.33.3.A.

9$.33.3.3. The rate of air change in Articles 9.33.3.1. and
9.33.3.2., and Table 9.33.3.A shall be based on the total interior
volume of all storeys including the basement and heated crawl
spaces, but excluding any attached or built-in gsrage.

» Table 9.33.3.A.
Forming Part of Articles 9.33.3.1. and 9.33.3.2.

MINIMUM REQUIRED VENTILATION RATE
Max. Total | Max. Total Floor Minimum Ventilation Rate
Interior Area®) Based On
Volume(!) Standard 244 m | 0.5 Air Change | 03 Air Change
m Ceiling Height, m?]  per Hour, L/s per Hour, Lfs
122 50 17 10
146 60 20 12
171 70 24 14
195 80 27 16
220 90 31 18
244 100 34 20
366 150 51 31
488 200 68 41
610 250 85 51
732 300 102 61
975 400 137 82
1219 500 171 102
1463 600 205 123
Column 1 : 2 -3 4

Notes to Table 9.33.3.A.:
) For rooms or spaces to be included or excluded see Article 9.33.3.3.
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SEPTEMBER 1988

Rooms of  9.33.3.4. Where a habitable room or space in a dwelling snit is
spaces not provided with natural ventilation deseribed in Asticle 9.33.1.8,,
without  mechanical ventilation shall be provided to that room or space that i
natural capable of providing 0.5 air change per hour if the room or space &

ventilation mechanically cooled in summer, snd 1.0 air change per hour if it &

Automatic

or

not.

{See Appendix A.)

9.33.3.5. A portion of the ventilation rate required by Articles
9.33.3.1. and 9.33.3.2. shall be controlled automatically by =

continuous centrally located dehumidistat, or be provided by a continuously

operation

operating fan during the hesting season. This portion of ventilation
rate shall conform to Table 9.33.3.B. (See Appendix A.)

Table 9.33.3.B.
Forming Part of 9.33.3.5.
MINIMUM REQUIRED VENTILATION RATE CONTROLLED
AUTOMATICALLY OR PROVIDED CONTINUOUSLY
Max. Total | Max. Total Floor " Mini .

Interior | Area(V Based On v fimum Minitmum
Volume(, | Standerd 244 m| Ventlation Rate, | ventilation Rate,
m3 Ceiling Height, Controlled Provided

m2 Automatically, L/s | Continuously, Lss
244 100 20 10
366 150 30 15
488 200 40 20
732 300 40 30
975 and over] 400 and over 40 40
Column 1 2 3 4

Notes to Table 9.33.3.A.:
. For rooms or spaces to be included or excluded see Anicle 9.33.33.

9.33.3.6. Except as provided for in Subsection 9.33.4. or as
otherwise stated in this Subsection, mechanical ventilation shall
conform to the requirements of Part 6.

13



B.C. BUILDING CODE 1985

FIRST REVISIONS

SEPTEMBER 1988

Make-up Air 9.33.3.7.  Except as provided in Articles 9.33.3.8. and
9.33.3.14., mechanical ventilation systems for dwelling units shall
include provision for introduction of fresh make-up air from the
exterior for the ventilation rate conirofled automatically or provided
continuously as described in Article 9.33.3.5.

Meake-up Air 9.33.3.8. Make-up air as described in Articles 9.33.3.7. and

not required  9.33.3.13. is not required, if the dwelling uni? does not contsin s
naturally-aspirating fuel-fired heating appliance, or if all fuel-fired
appliances are isoiated from the dwelling umit atmosphere.
Acceptable appliances include induced draft or sealed furnaces, gas
fireplaces and hot water tanks, with combustion air directly from
outside and with sealed flues; or fireplaces and space heaters that ere
equipped with tight-fitting, gasketed doors with all air supply
requirements directly from the outside into the firebox.

Make-up Air 9.33.3.9. Make-up sir shall be tempered as described in Articles
lempered  9.333.10. to 9.333.12.

$.33.3.16. For locations with winter design temperature not less
than -10°C make-up air may be tempered by being supplied by
ducting into secondsry areas such as utility or storage rooms, by
specially designed individual room or space through-wall diffusers,
by methods described in Article 9.33.3.11,, or by other acceptable
methods.

2.33.3.11. For locations with winter design temperature less
than -10° C make-up air may be tempered by being supplied through
a forced air hesting system ag described in Article 9.33.3.12, by
heating/fan unit, by heat recovery ventilator, or by other acceptable
methods.

Make-up Air $.33.3.12. Make-up sir tempered through forced-air heating
tempered by systems shall be provided by a duct connected to the return-air

forced-sir  plenum. The make-up air duct shall be st least 100 mm diam or an
heating equivalent combined duct with the fumace air supply. The make up
- systems air duct shall be provided with a motorized damper that is interlocked

with the exhaust fan controlled by the dehumidistat so that the
exheust fan only operates when the demper is in the open position.
The dehumidistat shall slso be interlocked with the fumace air
circulating fan so that the fumace fan will operate when the exhaust
fan is on and the damper is open.

{ See Example (c) in A-9.33.3.)

i4
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SEPTEMBER 1988

Make-up sit 9.33.3.13. Except ss described in Anicle 9.33.3.8., sddition

for other separate make-up air for the entire capacity shail be provided f
exhaust other exhaust appliances installed in the dwelling unit with a tate
appliances  exhaust capacity exceeding 0.5 zir change per hour, or according
Table 9.33.3.A. Non-forced make-up air shall conform to Tab
9.33.4.4. for the rates indicated, otherwise the make-up air shéil '
- provided by a fan-forced unit of equivaient capacity imterlocked wi
the exhaust appliance.
Combination $.33.3.14. A naturally-aspirating forced sir heating syste
forced air/  serving a maximum total heated floor area of 460 m2 is acceptab
ventilation g5 providing the ventilation requirements, if the system is capat
sytem

of providing st least 0.3 air changes per hour during its heatis
operation or has an sir supply sccording to Table 9.33.3.C. Tl
system shall have a ventilation rate controlled sutomatically o
provided continuously by the fumace air circulating fen as reguin
by Article 9.33.3.5., and have the required air supply sccording
Table 9.33.3.C., provided directly to the return-air plemwn.

(See Example (b) in A-9.33.3.)

Table 9.33.3.C.
Forming Part of 9.33.3.14,
MINIMUM AIR SUPPLY DUCT(!) DIAMETER FOR A
COMBINATION FORCED AIR/VENTILATION SYSTEM
Max. Total Interior |Max Total Floor Ares’®| Minimum Air Supply
Volume® , Based On Standard Duct!) Diameter, mm
m3 2.44 m Ceiling Height,
m?
536 220 100
805 330 128
1122 460 150
Column 1 2 3

Notes to Table 9.33.3.C.:

M The air supply duct hes been sized for one duct to provide both for the sir
supply as required by the fumace instalistion code snd for the ventilstion air
required by this Subsection.

@ For rooms or spaces 1o be included or excluded see Aricle 9.33.3.3.
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>und rating

$.33,3.15. Special purpose gir exhausting equipment such as
central vacuum cleaning systems, downdraft cook tops and clothes
dryers shall not be inciuded in csalculating the capacity of the
ventilation system.

$.33.3.16. Systems designed to provide combustion and/or
dilution air for fuel-bumning appliances shall not be used to supply
make-up air for the ventilation systerns unless their capacity is
sufficient to serve both functions simultaneously. An acceptable
combination system includes a forced sir heating system as described
in Article 9.33.3.14.

$.33.3.17. Wall and ceiling fans required by Article 9.33.3.5. o
be controlled automatically or operate continuously, shail be rated
by the manufacturer not to exceed & sound level of 60 dBA or 2.5

- Somnes.

xhaust
iKis

ccess to
entilation
juipment

ir intake
eld

‘quirements

'00TS
1dercut

9.33.3.18. Exhaust ducts shell discherge direcily 1o the outdoors.
Where the exhaust ducs passes through or is adjscent to unheated
space, the duct shall be insulated 1o prevent moisture condensation
in the duct.

9.33.3.19. Ventilstion equipment shsll be accessible for

inspection, meinienance, repair end clesning. Except where the -

kitchen exhaust grille is located st least 1.2 m horizontslly from the
range, kitchen exhaust ducis shall be designed and installed so that
the entire duct can be cleaned where the duct is not equipped with a
filter at the intake end.

9.33.3.20. Outdoor air intake and exhaust outleis shall be
shiclded from westher and insects. Shielding from insects for
ventilating equipment may be by an accessible filter at the

equipment and by 2 6 mm mesh screen at the intake or exhaust hood.-

Screening if used shall be of rust-proof material,

9.33.3.21.  Ventilating ducts shall conform o the requirements
of Part 6 for supply ducts, except exhaust ducts that serve only a
bathroom or water-closet room may be of combustible material
provided the duct is reasonably air tight and constructed of a material
impervious o water.

2.33.3.22. Interior doors for dwelling units shall be undercut a

minimum of 12 mm or the rooms shall be provided with a grille of
an equivalent area.

16
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- General

Exhaust
fan

System
capacity

$.33.4. BASIC MECHANICAL
VENTILATION SYSTEM
(See Appendix A and Example (g) in A-9334)

SUBSECTION

$.33.4.1. A basic mechanical ventilation systém shall comply
with the requirements in Article 9.33.3.1. and shall consist of on®
or more exhaust fans, without an air circulating ductwork system,
The exhaust fans shall be located in some or all of the kilcheris
and bathrooms. The ventilation system shall conform to the
sppropriate requirements of Subsection 9.33.3., efcept the systemt
need not conform to Part 6.

9.33.4.2. The exhaust fans required in Article 9.33.4.1. shall
be rated for sound as required in Article 9.33.3.17. and controfled
automatically by a dehumidistat a8 required in Article 9.333.5.

9.33.4.3. The mechanical ventilation capecity of the exhsust
fans in Article 9.33.4.1. shsll be assumed 23 the totzl of the
individual fans, raied by the manufecturer at a differential pressufé¢
of at least 50 Pa. The exhaust duct size shall conform to Tabie
9.33.4.A.

Table 9.33.4.A.
Forming Part of Article 9.33.4.3.
EXHAUST DUCT() SIZE FOR A BASIC
VENTILATION SYSTEM IN SUBSECTION %.33.4.
Maximum Exhaust Fan Min. Exhaust Duct(!) Dis,
Ventilstion Rate, L/s Smooth Duct | Flexible Duct
10 75 100
25 100 125
45 125 150
70 150 175
Column 1 2 3

Notes to Table 9.33.4.A.:

(1) The exhaust ducts shall not exceed 15 m in length or have more then twe
90° elbows, otherwise the duct shall be increased io the next diameter size.

17
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fake-up 9.33.4.4. Make.up air shall be provided for the ventilation rate

controlled automatically or provided continucusly as described in
Article 9.33.3.5. and shall conform with Articles 9.33.3.7. to
9.33.3.11. The non-forced air opening size for make-up air for a basic
ventilation system as provided for in this Subsection shall conform
to Table 9.33.4.B. Forced make-up air equipment shall be rated by the
manufacturer to provide for the required air flow rate.

Table 9.33.4.B.
Forming Part of Article $.33.4.B.

MAKE-UP AIR OPENING SIZE FOR A BASIC
VENTILATION SYSTEM IN SUBSECTION 9.33.4.
Meaximum . .
Ventilation Rate Mimimum Make-up Air Duct
Controlied
{ Auomatically or
Provided 1  Vent Ares, em?2 Diam, mm
Continuvously, L/s

8 47 80
12 66 . 90

15 85 100

17 95 110

20 ' 114 120

25 142 _ 130

30 , 170 150

35 199 160

40 227 170

45 255 180

50 284 190

55 312 200

60 340 210
Column 1 2 3
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Page Reference

400 9.34.1.7.

403 9.35.15. &
9.35.1.6.

457 Appendix A

492 Appendix A

Revision

In the fourth line change: “0.018 m2* 1o
“100 mm diam or equivalent area”,

Add new Articles:

9.35.1.5. Except as required in Articie
9.35.1.6., electrical wiring and cableg
installed in buildings permitted to be of
combustible construction shall conform to
Sentence 3.1.4.1.(3).

9.35.1.6. Where a concenled space in &
floor or ceiling assembly is used ss a plenum,
electrical wiring and cables within the plenum
shall conform to Clause 3.5.4.3.(1)(a).

Add new note:

A-3.1.4.1.(3)(d)(i}) The term raceway is
defined in CSA C22.1, "Canadian Eleetrical
Code, Part 1" and includes both rigid and
flexible conduit.

Add new Note:

A-9.6.6.4. Hinge and Strikeplate
Fastening. When hinges and strikepistes
are installed they must fasten into solid wood.
Screws should be sufficiently long to either
pass through a thin door jamb, cross &
shimmed back spsce and penetrate at least 25
mm into structural framing or, in the case of &
door with a sidelight where the mullion may
be the structural component, penetrate at least
25 mm into the mullion.
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SEPTEMBER 1988

Page

492

Reference

Appendizx A

Revision

A-9.7.2.1. Windows., The CSA
Standard CAN3.A440, "Windows”, includes a
window classification system that rates the
assembly according to air leakage, water
leakage snd wind load resistance. the ratings,
shown below, are marked on the window and
indicate the level of performance that can be
expected. Units can then be selected which
are most appropriate for the design
conditions.

Alr Leakage

Al-intended for use primarily in low-rise
residential (i.e. building of 3 storeys or less

and having an srea not exceeding 600 m2),
industrial, and light commercial use,
A2-intended for use primarily in medium-to
high-rise residential, institutional, and
commercial use.

Al-intended for use in high-performance
institutional and commercial applications.
Water Leskage .
B1-moderate climatic conditions

B2-severe climatic conditions

B3-extreme climatic conditions

Wind Resistance

Cl-lowest wind load resistance

C2-medium wind load resistance

C3-highest wind load resistance

Article 9.7.2.1. has specified the lowest

grades since the NBC is a collection of

minimum requirements only. Designers or
builders may wish to consider windows with
higher ratings depending on the height of
buildings, climatic conditions and occupancy
classification.

20
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Page

501

Reference

Appendix A

Revision

Delete all existing Appendix Notes
Subsection 9.33.3. and substitute 1
following:

A-9.33.3. & A-9.33.4. Mechanic
Ventilation. Subsection 9.33.3. conts
the general requirements for mechani
ventilation systems for dwelling units.
also references Part 6 for the design of ¢
ventilation systems, except for the "Ba
Mechanical Ventilation System” described
Subsection 9.33.4. Part § inh turn  requis
good engineering practice, suach a8 found
ASHRAE handbooks and HRAI Digest for ¢
design of ventilation systems.

Subsection 9.33.4. "Basic Mechani¢
Ventilation System”, contains the speci
requirements for the instaliatien e
verification of a simple ventilation syste
utilizing exhaust fans and make-up air
required.

“The following examples illustrate differ:

ventilation systems and how the requiremes
can be satisfied depending on the heati
system used. The house tsed in the
examples has two storeys with 100 m2
floor and contains an open fireplace.
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Example (a): shows the Basic Mechenical Ventilation System es described
in Subsection 9.33.4,, this can be used with any heating system. For this
example the following would spply:

1. 9.334.1. - 0.5 air changes per hour ot from Table 9.33.3.A. for
200 m2 a minimum ventilation rate of 68 L/s is
required, this is provided by kitchen and bathroom
exhaust fans;

2. 9.334.2. - the bethroom fan to be rated for & maximum sound
rating of 60 dBA (2.5 sones), be conmtrolled by a
dehumidistat and from Table 9.33.3.B. a minimum
ventilation rate of 40 L/s is required;

3. 9.33.43. - fans to be rated at & minimum of SO0 Pa, exhaust duct
size according to Table 9.334.A;

4. 9.33.4.4. - make-up air is required since there is an open fireplace;
from Table 9.334.A. a 170 mm diameter duct is
required for the 40 L/s bathroom fan and in this case it
is provided to a storsge room in the basement; and

3. 9.33.3.22. - doors to be undercut a minimum of 12 mm or = grille
of an equivalent area provided.

Fioor areas - 100 m2 per floor

(a) BASIC MECHANICAL VENTILATION SYSTEM -
8.5 A.C/H. WITH ANY HEATING SYSTEM

22
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Example (b): shows a ventilation system utilizing a naturally-espirating
forced air heating sysiem with a two-speed furnace fan as describad in Article
9.33.3.14. A permitted altermate arrangement could utilize s dehumidistat
which would control the fumace air circulating fan for the ventilstion rate a2
required by Article 9.33.3.5. This is a combination hestingfventilating
system where the furnace provides the heating as well as supplying the
required house ventilation air. In this example, one eair supply duct is
provided to the return air plenum to provide both for the air supply a8 required
by the furnace installstion code and for the ventilation air required by
Subsection 9.33.3. For this example the following would apply:

1. 9.33.3.14. - 0.3 air changes per hour or from Table 9.33.3.A. for
‘ 200 m2 total hested floor srea & minimum ventilation

rate of 41 L/s is required;

2. 9.33.3.14. - minimum continuous ventilation sate of 20 L/s from
Table 9.33.3.B. provided by the two-speed farnece fan;

3. 9.33.3.14. - the fumace and ventilation outdoor air supply provided
by a 100 mm diameter duct directly to the return-zir
plenum from Table 9.33.3.C.;

4, 93332, . the system design to Part 6, which also refers to
ASHRAE handbooks and HRAI Digest for design of
ventilation systems; and

5. 9.33.3.22. - doors to be undercut 2 minimum of 12 mm or a grille
of an equivalent area provided. :

(b) VENTILATION SYSTEM WITH A FUEL-FIRED
FORCED AIR HEATING SYTEM - 0.3 A.C/H. AND
CONTINUOUS VENTILATION

23
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Exsmple (c): shows a ventilation system ulilizing a natursily-aspirating
fuel-fired forced air heating system with a single speed furnace fan and a
bathroom exhaust fan. In this example, an additional 100 mm meake-up air
duct with a motorized damper is provided to the return-air plenum for the
make-up air required by the bathroom exhaust fan, This additional make-up air
could also be provided by incressing the fumece air supply duct and installing
8 tv:o-posilion motorized damper. For this example the following would
apply:

1. 9333.2. - 0.3 sir chenges per hour or from Table 9.33.3.A. for
200 m2 total hested floor ares a minimum ventilation
rate of 41 L/s is required;

2. 93335. - minimum ventilation rate controlled automatically of
40 L/s from Table 9.33.3.B., provided by bathroom
exhaust fam;

3. 9.33.3.12. - make-up sir is required since there is an open fireplace,
this cen be supplied through the forced air heating
system by 8 separaie 100 mm duct with 8 motorized
interlocked damper as described in Article 9.33.3.12;

4. 93332, - the system design to Part 6, which also refers to
ASHRAE hendbooks and HRAI Digest for design of
ventilation systems; and

5. 9.333.22. - doors o be undercut a minimum of 12 mm or a grille
of en equivalent sres provided.

systev'e alf supply

Cepalde of - min 41 L
imnke-up aw for bathveom|
oxhsaset fan - min 40 s

Fiaor arees - 100 w2 per fioos

(¢) VENTILATION SYSTEM WITH A FUEL-FIRED
FORCED AIR HEATING SYTEM - 0.3 A.C./H. AND .
BATHROOM EXHAUST FAN

24
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Page

501

501

Reference Revision

Appendix A Add new Note: .

© A-9.33.3.4, A mechénical ventilation
system capable of operstinig on a year round
basis i3 required for hebitasble rooms or
spaces which do not have opensble windows.
The ventilation system fot these rooms may
be combined with the whole house
ventilation system described in Articles
9.33.3.1. and 9.33.3.2. In most cases fo
comply with this requirement, sn exhaust fin
controlled by a switch or dehumidisiat
cspable of providing 1 air change per hour
{where summer cooling is not provided) based
on the room or space volume would be
required.

A-9.33.3.5. Automatii¢ Control. This
Article requires that the fan(s) of a required
ventilation rate be controlled automaticaily
by a cenwslly located dehumidistat. In a
typical example, where the bathroom exhaust
fan(s) are controlled by tRis centrally located
dehumidistat, the exhaust fan(s) should aiso
be controlled by a switch or timer located in
the bathroom. In all cases the centrally
located dehumidistat would be the overriding
switch. For the most effective use of the
dehumidistat, it is recommended that the
setting be between 40% to 60% relative
humidity to maintain a healthy environrhesit
and to control any potential moisture
probiems.

Appendix A Add new Note:
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Page Reference

® 501 Appendix A

Revision

A-9.33.3.7. Make-up air. Make.up
air is not required for the entire ventilation
capacity only for the ventilation rate
controlied automatically or provided
continuously. However, in Article 9.33.3.13.
sdditional separate maske.up air is also
required for sny exhaust applisnce with a
capacity exceeding 0.5 air change per hour.

This_acknowledges the fact that slthough
houses are being built tighter there is still
enough air leskage through the envelope that
can provide the additionsl sir requirements of
approximately SO0L/s tc 100L/s at 5 Pa,
depending on the size of the house. This is
based on a leskage rate or NLA of 1.08
cm2/m2 ss established by a BETT/EMR
survey of airtightness of housing scross
Canada. The 5 Pa depressurization has been
established as the maximum permitted
depressurization to prevent backdrafting of
naturally-aspireting sppliances.

| - indicates N.R.C. errata ( issued January 1988 )

®. indicates B.C. errata

Note: N.R.C. issued revisions (or errata) do not automatically become part of
the B.C. Building Code, they must be adopted by the Province.
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$.33.1.6.

$.32.5.3. Where s public sewage system is not available, the building
sewer shall discharge into a private sewage disposal system.

SUBSECTION 9.32.6. SERVICE WATER HEATING FACILITIES

9.32.6.1. Where a hot water supply is required by Article 9.32.4.3.,
equipment shall be installed to provide to every dwelling unir an adequate
supply of service hot water with a temperature range from 60°C to 75°C.

9.32.6.2. Service hot water may be distributed from & centrally located
beater to supply the entire building or may be supplied by an individua!
service water heater for each dwelling unit.

9.32.6.3. Every service water heaser and its installation shall conform to
Part 6. ,

9.32.6.4. Where storage tanks for service water heaters sre of steel, they
shall be coated with zinc, vitreous enamel (glass lined), hydraulic cement
or other corrosion-resistant material.

9.32.6.5. Fuel-burning service water heaters shall be connected 1o a
chimney flue conforming to Section 9.21.

9.32.6.6. Heating coils of service water heaiers shall not be installed in a
flue or in the combustion chamber of a boiler or furnace heating a building.

SECTION 9.33 VENTILATION

SUBSECTION 9.33.1. GENERAL

9.33.1.1. This Section applies to the ventilation of rooms and spaces in
residential occupancies by natural ventilation and to self-contained me-
chanical ventilation systems serving only | dwelling unii.

9.33.1.2. Mechanical ventilation systems serving more than 1 dwelling
unit shall conform to Part 6.

9.33.1.3. “entilatiod of rooms and spaces in other than re.ndeuual occu-
pancies shall conform to Part 6.

9.33.1.4. A storage garage for more than S cars shall be ventilated in
sccordance with Part 6.

$.33.1.8. Rooms or spaces in dwelling units shall be ventilated during
the non-heating season by nstural means in accordance with Subsection
9.33.2. or by a mechanical ventilation system conforming to Subsection
9.33.3.

$.33.1.6. A space that contains a fuel-fired heating applmnce shall be
provided with combustion gir in accordance with Section 9.34.
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$.33.2.4.

Minimum
natuwel

SUBSECTION 9.33.2, NATURAL VENTILATION
9.33.2.1. The unobstructed ventilstion ares to the outdoors for rooms

vemilation ssea 2Nd SPaces in residential buildings ventilsted by nztural means shail con-

supplying
asturs]
ventilstion

I
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form to Table 9.33.2.A. Where a vestibule opens directly off a living or
dining room within a dwelling unis, ventilation to the outdoors for such
fooms may be through the vestibule,

Table 9.33.2.A.
Forming Pert of Article 9.33.2.1.
NATURAL VENTILATION
] ) Mini
Location Unobstructed Area
Bathrooms or water-closet rooms 0.09 m?
Unfinished basement spece 0.2 per cent of the
Within floor area
; :::.:""'3 Dining rooms, living rooms
Bedrooms, ki.tclnns.eombinedm 0.28 m? per yoom or
Dens, recreation rooms and all combination of rooms
other finished rooms
Bathrooms or water-closet rooms 0.09 m? per water-
) closet
Sieeping aress 0.14 m? per occupant
Oshe_rthan Laundry rooms, kitchens, 4 per cent of the
within recrestion rooms floor area
dwelling
unit Corridors, storege rooms and 2 per cent of the
other similsr public rooms floor area
oF spaces
Unfinished basemens space not 0.2 per cent of the
used on 8 shared basis floor area
Columna { 2 . 3

9.33.2.2. Openinps for natural ventilation other than windows shal} be
constructed to provide protection from the weather and insects. Screening
shall be of rust-proof material.

SUBSECTION 9.33.3. MECHANICAL VENTILATION

9.33.3.1. Dwelling units shall have 8 mechanical ventilation system
capgblcofpmvidinguIeastonehalfannirclungeperhourduringthc
heating season, based on the interior finished volume of the dwelling unit.
:l‘lnc system shall be controlled either manually by a switch or automat-
ically. (See Appendix A.)

9.33.3.?. Whm Fooms or spaces in dwelling units are provided with
met_:huucal ventilation systems in lieu of natural ventilation a5 required in
Article 9.33.1.5., the systems shali be capable of providing at least | air

Make-up
-l g

P

ventilation
equipment

Alr intake
shield

Pl

systems -

in buildings

m besement

8.34.1.4.

change per hour where summer cooling is not provided or 8 least half an air
change per hour where summer cooling is provided.

9.33.3.3. Mechanical ventilstion systems for dwelling wnirs shall in-
clude provision for introduction of fresh make-up sir from the exterior.

9.33.3.4. Mechanical ventilation systems in combination with central
hesting or cooling systems shall conform with Pert 6.

9.33.3.8. Exhaust ducts shall discharge directly to the outdoors. Where
the exhaust duct passes through or is adjacent to unheated space, the duct
shall be insulsted t¢ prevent moisture condensation in the duct.

9.33.3.6. Ventilation equipment shall be accessible for inspection,
maintenance, repair and cleaning. Kitchen exhaust ducts shall be designed
and installed so that the entire duct can be cleaned where the duct is not
equipped with a filter at the intake end.

9.33.3.7. Outdoor air intake and exhaust outlets shall be shielded from

‘weather and insects. Screening shall be of rust-proof material.

9.33.3.8. Ventilming ducts shafl conform to the requiréments of Part 6
for supply ducts, except exhaust ducts that serve only a bathroom or water-
closet room may be of combustible material provided the duct is reasonsbly
air tight and constructed of a material impervious to water.

SECTION 9.3¢ HEATING AND
AIR-CONDITIONING

SUBSECTION 9.34.1. GENERAL

9.34.1.1. The design and installation of central heating systems shall
conform to the requirements in Part 6 and to this Section. (See also
Subsection 9.10.10.)

9.34.1.2. ‘The design and instaliation of air-conditioning systems shall
conform 1o the requirements in Part 6.

$.34.1.3. Residential buildings intended for use in the winter moaths on
8 continuing basis shall be equipped with heating facilities capable of
maintaining an indoor air temperature of 22°C at the outside winter design
temperature except as provided in Atticle 9.34.1.4. Al other buildings
shall be equipped with heating facilities of sufficient cagacity to maintsin
the desired indoor sir temperature, comunensursic with the use of the
building, % the outside winter design temperature. Winter design tem-
peratures shall be determined in conformance with Subsection 2.2.1.

9.34.1.4. Heating facilities shall be provided which shall be capable of
maintaining 8 temperature of not less than 18°C in an unfinished basemens
in buildings of residential occupancy. Whese crawl spaces are required to
be heated, the heating facilities shall be capable of mmintaining a tem-
persture of not less than 15°C.
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A-9.34.2.

A-9.33.3.1. Mechanical Ventilation. The tendency toward echieving higher fevels
of airtightness in housing and other concerns over energy conservation indicate that
natural ventilation is not sufficient to ensure acceptable air quality during the winter
beating season. The mechanical system required by this Article is, therefore, indepen-
dent of natural sources, including windows and air infiltration.

This Article does not require that a centralized ventilation sysiem be provided with duct
work leading to all parts of the dwelling unit. The requirement may be satisfied by means
of exhaust fans located in kitchen or bathroom arcas where a fresh air inlet is provided ata
location remote from the exhaust outlet. A ventilation system operating in conjunction
with a central heating or cooling system comes under the jurisdiction of Pant 6.

A-9.34.1.7. Combustion Air and Tight Houses. The operation of an air exhaust
system or of a fuel-burning appliance removes the air from a house, creating a slight
negative pressure inside. In certain cases the natural flow of air up a chimney can be
reversed, leading to a possible danger of carbon monoxide poisoning for the inhabitants.
Newer houses are generally more tightly constructed than older ones because of im-
proved construction practices, including tighter windows, weather stripping and caulk-
ing. This fact increases the probability that infiltration may not be able to supply enough
air to compensate for simultancous operation of exhaust fans, fireplaces, clothesdryers,
fumaces and space heaters. Further information is available in Canadian Building Digest
222, “Airtight Houses and Carbon Monoxide Poisoning," available from the Division of
Building Research, National Research Council of Canada, Ottawa K1A ORS. '

A9.34.2. Installation of Stoves, Ranges and Space Heaters Burning Solid
Fuel. Where tests show that minimum clearances or mounting techniques other than as
specified will result in an equivalent level of safety, they are permitted under the
provisions of Section 2.5. Where test results show that appliances must be installed with
minimum clearances greater than specified in Subsection 9.34.2., the greater clearances
should be maintained.

- 501



Table #1:
Ventilation Rates

ROOM TYPE CONTINUOUS

' VENTILATION

Double/Master Bedroom 20 CFM(10L/S)

Basement 20 CFM(10L/S)
Single bedrooms 10 CFM(5L/S)
Living room 10 CFM(5L/S)
Dining room 10 CFM(5L/S)
Family room 10 CFM(5L/S)
Recreation room 10 CFM(5L/S)
Other habitable rooms 10 CFM(5L/S)
Kitchen 10 CFM(5L/S)
Bathrooms 10 CFM(SL/S)
Laundry 10 CFM(5L/S)
Utility : 10 CFM(SL/S)

INTERMITTENT
EXHAUST

100CFM(50L/S)
SOCFM(25L/S)

CONTINUOUS
EXHAUST

OR  60CFM(30L/S)
OR  30CFM(I5SL/S)
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Excerpt from 1982 Building Code, France:
Chapter 1 Built-in General Ventilation
Art. 2 - Ventilation system components

Air inlets must be used in all principal rooms (PR) ducted to the
outside wall, whether passive or mechanical ventilation.

Air outlets are located in the technical rooms, (TR) kitchen,
bathrooms and toilets, and must be connected to vertical ducts for
passive ventilation or ducted to a fan for mechanical ventilation.
For multi- family buildings, if one technical room is mechanically
ventilated all must be mechanically ventilated.

Intake air must move freely from the principal rooms to the
technical rooms.

If one room is used as a principal room and a technical room (Like

a bedroom with cooking equipment), it must have one air inlet and

one air outlet.

Art. 3 - Ventilation systems, whether mechanical or passive, must
be capable of the following extracted airflow as shown below at
moderate winter temperatures.

The extracted airflow from each technical room must meet the
- following installed capacity requirements simultaneocusly according
to the number of principal rooms.

SR DERERE 0 OSSR 00 Sumeeww



PEAK EXHAUST CAPACITY REQUIRED

Main
Number of Kitchen Bathroom Additional Unique if if house
Principal with or Bathrooms House has has more
Roons without only one than one
, toilet - toilet toilet
1 75m3/h 15 15 15 15
2 80 15 i85 18 15
3 105 30 15 ) i5 15
4 120 30 15 30 15
5+ 135 30 15 30 15

N.B. Kitchen extractor set to these rates when string is pulled.

In the dwellings where there is only one main room, the bathroom
and toilet, when they are separated by a wall but are side by side,
may be served by one extractor only located in the toilet room, and

the extractor must draw 15 m3/h.

In the absence of a wall between the bedroom and a living room,

this room is considered as two principal rooms.

If a range hood is installed, less ventilation is required.

additional amount required is determined by the efficiency of the
hood and approval of the ministry of construction and ministry of

health.

The toilets are considered multiple if at least two are used in

the dwelling even if one is located in the main bathroom.

Article 4 modified 28.10.1983

Art. 4 - Individual adjustment devices will be allowed to reduce '

the airflow of article 3 under the following conditions:

In general terms, the total dwelling exhaust and the kitchen

exhaust may be reduced to the following figures.

W_CONSTANT W

If a constant flow system is used rates must be a minimum

" of (30 + 15 x #PR)



NUMBER OF PRINCIPAL ROOMS

1 2 3 4 5 6 7

Minimum continuous total

exhaust in dwelling (m3/h) 35 60 75 90 105 120 135
Continuous minimum (CFM) 20 35 43 51 60 68 77
Minimum continuous

exhaust in kitchen (m3/h) 20 30 45 45 45 45 45
Continuous minimum (CFM) i1 17 26 26 26 26 26
O I TR I O o e o G e S SO S0 S S e D G T S T e S S S s S S S S S EEEEREEE

If a system is mechanical, if automatic, if it will control pollution and
condensation except for brief periods, the following reduction is possible.

The use of this reduced airflow system must be approved by the minister of
"gonstruction and the minister of health.

The total extraction rate must be at least as follows:

NUMBER OF PRINCIPAL ROOMS

1 2 3 4 5 6 7
# of extractors required: 1 1 1 2 2 2 3
Minimum continuous
total exhaust: 10 i0 15 20 25 30 35
Continuous minimum (CFM) 6 6 9 11 14 17 20

= =

Art. 5 The air inlets plus the equivalent leakage area must allow enough
make-up air to achieve the reguired rates outlined in article 3.

Note: cfm = .57 x m3/h




AIR QUALITY INDEX



CO2 INDOOR AIR QUALITY INDEX

The index below is an arbitrary index developed for this project
and is based upon the CO2 data accumulated. The following quote
from the recent ASHRAE 62~ 1989 Ventilation Standard provides some
justification:

Carbon dioxide concentration has been widely used as an
indicator of indoor air quality. Comfort (odour) eriteria
are likely to be satisfied if the ventilation rate s set
so that 1,880 ppm CO2 is not exceeded. ‘

The index below gives equal authority to average CO2
concentrations, maximum concentrations, and percent of time that
CO2 levels exceeded 888 ppm. The 888 ppm level was chosen because
levels, particularly in the first year, were generally low, and
because it is generally agreed that 1AQ problems can start at 8&%®
ppm.

Each period’'s data was averaged into the calculations. The lower
the index, the better the I|AQ.

SYSTEM Av.CO2 Max CO2 % >888ppm INDEX

NEG.CR.L 567 1833 1%  §.32
NEG.CR.DH 604 915 8% 8.31
POS.CR.L 607 1186 10% 8.38
POS.CR.DH 745 1176 26% 8.47
HRV LOW 1128 2413 75% A 1.60
HRV HI 828 1698 36% 8.64
AERECO 1 1000 1579 51% 8.74
CODE L 699 1263 58% 0.68
CODE DH 847 1807 43% 8.69
WALL PIPE L 820 1481 82% - 8.72
WALL PIPE DH 888 1447 67% 0.76
WALL INLET LOW 788 1215 83% 0.68
WALL INLET DH 741 1348 45% 8.61
DA HRV .15ACH 886 1476 34% 8.58
DA +ded.air 924 1021 51% 0.84

DA HRV F326 724 16889 24% 8.46
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WESTCOAST VENTILATION STUDY; FIRST YEAR DATA SUMMARY;  APRIL, 1989
NOTE: *L* denotes §.15 ACH; "D" denotes 0.3 ACH by dehumidistat; TLV denoies threshold limi{ value

SYSTEM NEG:C“LSP POS.CRWLS BBV ABRBCO CODE  WALL PIPE WALL INLET B¥C TLV
- L M b P LW B ! 2 L b L D L D

NUMBER OF OCCUPANTS i« & 4 A § & C T T I Y | L |

- OCCUPANCY (Hi/Med/Lov) L L L L ] | | ' T T T | ]

OCCUPANT SATISPACTION ] | | | i |

. MECHANICAL CFM M 18 74 148 | I Dt I B { T N (R ) B 1

INSTALLATION COST g $379 §1,35¢ $1,300 $375 (H ] Hn
OPERATING COST/VR $177 Q10 4177 416 454 $115 468 490 101 £130 458 416 455 42

"BQUIV. LEAKAGE AREA  abv range 1052 TV 386.4 {u. 386 £46.9

TRACER GAS CALC'D ACH k.46  PE U B P 857 $.46
FAN OK TIME 1007 3% 108% 6K 100% 06X 108X 1904 108% 08X 104X 13X 10X 3%

AV SPACE TEWP (DEG.C} 1§ 2¢ 17 1¢ LRIV & 19 18 18 & 2 32 3
AV SPACE REL HUM % 68 52 M §) i 4l 0 58 % ¥ 4 #4444
AV SPACE €OZ {ppm} 567 684 687 745 859 687 054 €72 716 662 939 1M9 T80 T4
AV OUTDOOR TEMP (C) - 6.4 3.8 -2.2 3.4 L7 &2 6.4 6.1 6.4 5.1 6.4 §.1 6.4 .

TIME OF BH > T4 % LI Y PO LI [ L TNt S S VN ) VO 1)

TIME OF €02 > 840 ppr 1% W% 10X 0% 43% ITH  64% 20% 3% 18% 60% 3% 204 16%

NIN SPACE TEMP (C) 17 18 12 16 31 20 19 13 W4 13 2 M 2

MIN SPACE RH % 48 46 45 36 38 42 4l 0% 9 3 8 )
NIN SPACE CO2 (ppr) 406 415 400 486 485 485 383 394 41N 394 410 394 410 413

MIN OUTDOOR TRNP (€) 3 ®.8 -1b. -84 -3.2-1.2 44 3.5 4 3.5 44 3.5 44 35

MAX SPACE TP (C) 22 21 22 22 36 a4 36 a5 23 a3 a7 2 25 5

NAX SPACE BB % 55 55 55 5 66 49 59 68 76 70 51 S0 &4 5 55
MAE SPACE COZ (ppmj 1033 915 1ING 1176 1390 1177 1421 1252 1206 1186 1650 1441 1300 1309 350
MAX OUTDOOR TEMP (C) 7.9 6.0 8 7 6.2 7 8.9 7.0 8.9 7.1 88 1.1 8.9 1.1

MAX CO (SPOT CHECKS) 4 ¢ 3 & 8 3 § 6 13 § 6 &5 § 5 35
KITCHEN H0OD CPM 1 120 165 5 7 3% 150

PORMALDREYDE (ppa) .M " 0l RTE N )| b1 T X}

NITROGEN DIOXIDE (ppn) ¢ L ] ¢ ' ¢ ¢ 0.052



WESTCOAST VENTILATION STUDY: S5BCOND YEAR DATA SUMMARY - JUNE 18, 1998

NOTE: *D.0.M." denotes DAILY OUTDOOR MEAN temperafure
*DA® denoles dedicated air 8.13 ACH

BicE

Tl
$.35

5,500
0.0

108%

WALL INLBT DEDICATED AIR
L e L M
3 3 § 6
HEY 3733 3083 3983
i k b
i i 6é 6
1§ [ S 1] Y]
{484 §2,280 43,588
.07 f0002 f0 02T e
448.9
.046
108% 106% 100%
150 -

not sampled

3.3
IR
882.4
6.2

18,3
- 89

no! sempled

SYSTEN RV WAV ABRECO ARBBCO ~ CODB  CODE  WALL PIPR

o m ot : R I D
NUMBER OF OCCUPANTS SUNEE 33 3 3 3 3
OCCUPANCY {cu.!t./person) 977 977 3733 4733 6D se6s 3357 3387
OCCUPANT SATISPACTION L i ] i
MECEANICAL CPM T VT I - (] 16
ECHANICAL ACH TR S TS TO PN U TN TR 16 N I S S U R K
INSTALLATION COST $1,860 $1,560 TH] T .
OPEBATING C051/5Q.FT. YR $0.046 $0.098 $0.070 $0.070 0,093 $0.116  40.053 40015
BQUIV. LBAKAGB ARBA 3474 386.4 24,9 386
TRACER GAS CALC’D ACH T I L X 5 057
PAN ON TIME 00 IN% 10R% 10 10
KITCEEN BOOD CPM 168 50 75 2%
PORMALDEHYDE (ppa) undetecteble not sampied  nof sampled undetectable

HAIN LIVING ARBA
AV SPACB TEP (DBG.C) 8.2 8.5 18,6 N5 1.4 20T 2
AV SPACB REL BUM % W8 6.3 S D 48T S 49 438
AV SPACE COZ (ppu) 1355.5 997.8  989.7 1076.0 820.5 784,5  836.9 35,8
MEAN OUTDOOR TEMP (C) 8.3 I 6.2 8.9 6.2 8.9 8.9 6.8
MIN SPACE TRNP (C) WA 198 13T LT 163 10 2 :
MIN SPACE RH % 1.8 482 43,0 4.1 { { 3.
3 § '

MIN SPACE CO2 {ppa} §18.5 338.3 425.0 Sk,
6.2 8

MIN D.M.0. TEMP (C) 8.3 117 . . . ' .

MAX SPACE TEMP (C) .8 25,5 2.6 2.8 .1 260 5.6 2835
NAX SPACE B % S8 55,8 8.8 574 66,3 61 8.4 524
NAX SPACE €02 {ppa) 3933.0 2174.0 1951.0 1661.0 1569.0 14100 1605.0 1455.0
MAI D.M.0. TENP (C) 8.7 17, 9.8 8.8 th ) .9 8.9 18]
TIMR OF BE > W % W ¥ ¥ L[] [} ¥ % ]
MAIN - TIME OF CO2>800 ppa LLY S 17 5% 43 673 23 9% 6%

172.9
6.3

3.9
43.3
1303.%
9.4

L]
8%

aa.¢ . 2.9
3.6 1.8 $.0
675.9 728.6 -
8.4 6.0 8.3
18.9 &1 1
M. 3 4L
413.5 566.9 -
8.8 3.3 1.8
4.8 2.8 6.4
4.6 .2 .9
1396.8 957.4 -
4.9 8.2 10.3
% % 1]
% 18 -




AR 0 GRS

N

tesiis iR

SYSTEN

Wy N

BRV AERECO ABRECO

1 i

WALL

DEDICATED
17}

AIR

......................................................................................................................................

--------

AV SPACE REL BUX %
AV SPACE C02 (ppa)

AV 0UTDOOR TENP (C)

NIN SPACE TBNP (C)

MIN SPACE B %

MIN SPACE CO2 (ppa)
NIN D.K.0. TENP (C)

MAX SPACE TRMP (C)
NAX SPACE RH %

MAX SPACE C02 (ppn)
MAX D.M.0. TEMP (C)

TIME OF RE > 70 %
BEDRM - TIME OF CO2>800 ppa

.l
46.6
4.4
13.6

18.6 2

@9 |
$31.0 3
8.1

a1
1.‘
6.8
i.1

3.8 .1
8.1 .
3016.0 1744.0
1.1 15.6

¥ %
8% I

] I
LY 6.9
1151.6 1188.9
6.7 4.1

18.4
{
l

18.§
i1
686.0
8.4

X
818.5
1.8
3.8 3

58,3 §

1295.0 184
0.4

{.1
6.9
{4
9.9
¥ ¥
8% %

19.5
5.4
5.3
07

1.4
4.1
{104
.1'0

.
§6.7
1014.8
'.4

L 1]
48%

il.6
8.9
a026.0
9.9

¥
0%

{9

] |
118¢.¢
8.9

. 1

60%

VALL INLET
g Bl
3.8 1.1 25
3.3 3.4 408
693.5  834.4 884.3
8.9 01 60
16,9 18,5 189
TR RN
33,0 4438 550.9
7.8 8.4 8.3
.7 5.8 35,5
@5 1.5 558
143,86 1430.0 1994,
’.‘ 9.9 a.z
(R I 1
% 6% 5

R
0.5
§34.3
’03

18.§
4.8
86,0
7'8

3.3
§6.7
1141.0
1.5

L[]
(374
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REAL TIME GRAPHS OF MONITORING
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VENTILATION RELATED ENERGY COSTS

‘The operating costs of the respective ventilation systems are
calculated using the following formula:

(FAN kW % 8768 H/y * USAGE % * $0.8467/kWh) + ((CFM % 1.1
¥ (TiAV - 43)F) /3412 * 5400 H/y * USAGE * $8.0467/kWh)

WATTS, USAGE and CFM from actual studied houses.

An average indoor temperature (TiAV) of 28 C is presumed for the
continuously operated fan calculations. The figure used for the
dehumidistat control mode calculation is taken from recorded
data. Continuous fan figures are likely to be of greater use in
comparing the energy performance of the various systems.

The calculations do not account for other heating season lengths,
natural infiltration or costs of fuels other than electricity.

SYSTEM WATTS USAGE CFM TiAV $/yr 8/SqFt yr
NEG.CR.L 84 100% 74 28 $185 $0.0879
NEG.CR.DH 115 3% 148 2@ $18 $8.004
POS.CR.L 84 188% 74 20 8185 $8.879
POS.CR.DH 115 5% 148 18 $16 $6.807
HRV LOW 63 108% 5@ 28 $56 $8.046
HRV HI 97 108% 115 22 $126 $6.6898
AERECO 1 35 100% 28 28 $71 $6.662
AERECO 2 35 108% 42 19 $94 $6.081
CODE L 144 - 186% 23 28 $1€6 $6.892
CODE DH 144 - 88% 46 18 $136 $¢8.118
WALL PIPE L 35 188% 23 28 $61 $8.853
WALL PIPE DH 35 12% 46 25 817 $6.€15
WALL INLET LOW 35 108% 21 28 $57 $8.847
WALL INLET DH 35 2% 41 23 2 $6.8682
DA HRV F326 114 100% 148 29 $138 $8.044
DA HRV .15ACH 68 100% 6@ 20 $82 $68.027

NOTES: HRV sensible recovery efficiency = 78% 1low speed; §6%
high. AERECCO cfm’s calculated from manufacturer®s
literature. All fans but HRV, CODE & CRAWLSPACE are
AERECO product.

VENTILATION SYSTEMS:

NEG.CR.L = NUTONE 672 C-B; NEG.CR.DH = BROAN 3862 V
POS.CR. = DELHI 53¢ HRV = VANEE 16868
AERECO = FULL AERECO SYSTEM CODE L = NUTONE 685-B
WALL PIPE = AERECO FAN WALL INLET = AERECO FAN

DED.AIR HRV = LIFEBREATH 2080



EXAMPLES OF RECOMMENDED S8YSTEMS
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EXAMPLES OF RECOMMENDED SYSTEMS

The following systems shown here:

i.

2.

Minimum BC Code. _ (see section 5.5 of report)

Heat Recovery Ventilator. (see section 5.3 of report)

Central Exhaust with Fully Distributed Make-up Air.

This is essentially the same as the HRV system except that it has no
heat recovery. The cost is marginally less than the HRV, but care must
be taken to locate the make-up air discharges so as to minimize
"dumping" of cold air on occupants.

Forced Warm Air Furnace.

The arrival of natural gas to Vancouver Island is expected to result in
more installations of this kind. The installed cost of this system may
be similar to the cost of electric baseboards plus an HRV. If an HRV
is used in conjunction with the furnace, costs will likely be higher
than the baseboard example.

Outdoor air is filtered and distributed to every room served by the
furnace, and combustion appliances are not likely to back-draft, but
house can be at positive pressure which may increase moisture migration
to walls. )

If long-term energy costs are of high concern the HRV addition should
be considered. ’

There is an energy penalty associated with the fan power required for
the furnace. It is hoped that the heating industry will provide options
such as high efficiency fan motors, integrated heat recovery, and
programmable ventilation in the near future.

CONTROLS Any combination of continuous, switched, dehumidistat, rheostat or
programmable control may be effective in a given home. Occupancy, layout,
combustion appliances etc. are contributing factors to the choice of systenm.



SYMBOLS & ABBREVIATIONS:

E/A Exhaust Air

0/A '~ Qutdoor Air

S/A Supply Air (conditioned 0O/A)

W/R - Washroom

(:) B Fan

F Forced Warm Air Furnace w/ 2 speed fan
HRV Heat Recovery Ventilator

GENERAL NOTES:

1.

18.

11.

12.

Entire installation to conform to National Building and Fire Codes of
Canada, B.C. Electrical Code, SMACNA Standards and manufacturer’s
specifications. :

Provide all materials, equipment and labour required to make complete
and functional ventilation systems as per the drawings.

The Mechanical Contractor shall arrange and pay for all permJts and
inspections necessary to meet local requirements.

Any alternate equipment for layout changes must be approved by designer.
All installed equipment to CSA approvéd.

All rectangular duct elbows, not shown as radius, shall contain turning
vanes (applies to tees as well). Radius elbows to have R/D = 1.5.

Maximum slope of rect. duct transitions not to exceed 1" in 4".
Maximum allowable continuous length of flex duct is 5 feet.

All duct joints to be continuous and sealed using duct tape or gum
sealant.

All ductwork shall be separated from the outdoors by minimum of R12.

Each S/A, O/A, and E/A branch duct shall contain a lockable quadrant
volume damper.

All motorized air handling equipment, other than propeller W/R fans,
shall be mounted with vibration isolation from structure.
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CHEMICAL TESTING RESULTS

all results in parts per million (ppm)
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]OHN M*RAE & ASSOCIATES INC.

Environmental Health Services

90 06 19

Mr. Bob Landel

Avalon Mechanical Consultants Ltd.
4 - 1322A Government Street
Victoria, BC

V8W 1Y8

RE: Formaldehyde Sampling
2749 Jacklin Road

Dear Mr. Landel:

On 90 04 02 two (2) air samples (#1 and #2) were collected to determine airborne concentrations
of formaldehyde. Sample #1 was collected in Suite #5 and sample #2 was collected in Suite #8.
The samples were collected with battery operated pumps and midget impingers following the
Workers’ Compensation Board’s Method No. 2250:° Aldehydes, C1 - C4 In Air. The samples,

including a "blank" (#3) were submitted to an independent laboratory for analysis.

The laboratory has reported results of «<0.1 ug/mL for all samples resulting in a sample
concentration of <0.01 ug/L and an airborne concentration of <0.1 ppm. All sample results were
less than the quantitation limit. '

Attached please find our Air Sample Log.
Yours truly,

‘JOHN MACRAE & ASSOCIATES INC.
John MacRae

JM/adb

100 -1144 FORT ST.
VICTORIA, BC.
CANADA V8V 3K8
Telephone (604) 380-3911
Cellular (604) 727-1123
Fax (604) 380-1123



PROJECT S

DATE

90 04 02
90 04 02

90 04 02

Lo R

. START

TINE

12:16

12:21

Blank

Housing Project,

READQUT
TINE

12:38

12:41

TOTAL
MINUTES

All samples less than quantitation limit.

Jacklin Road
COUNT FLOW
RATE
N/ap 1.0
N/ap 1.0

R

AIR SAMPLE LOG

John MacRae & Associates, Inc.

VOL./AIR LOCATION TYPE

C(LITRES)

22 Suite #5 Area

20 Suite #8 Area
- - Blank

Page 1 of 1
SAMPLE # SAMPLE AIRBORNE
CONCENTRAT1ON CONCEMTRATION
ug/t
1 <0.01 <0.1 ppm
2 <0.01 <0.1 ppm
3 <0.01 Blank




J Envirorungntal Henlth Services

90 06 12

Mr. Bob Landel

Avalon Mechanijcal Consultants Lid.
4 - 1322A Government Street
Victoria, BC

VEw 1YE

RE: Formaldehyde Sampling
2749 Jachlie Boad

Dear Mr, Landel:

On 90 04 02 two (2) aiv samples (w1 #8od #2) were collecied (0 determinge airborne concentrations
of formaldehyde. Sample #1 was collected in Suite #5 and semple #2 was collzsted in Suite =6
The samples were collested with battery operated pumps and midget impingers foliowing the
Workers' Compsnsation Board's Method Noo 225(;  Aldehvdes, € - C4 In Air. The samples,
{nciuding 3 "blaak® (#3) were submitted to an independent Javoratory for ganaiysis.

The luboratory has reported results of <0.) ug/ml for aif sampics vesuiting in g sample
eoncentration of <0.01 ug/L and an airborae concentration of <01 ppm. AN sample results werg
less than the quaentlistion limit, '
Attached pleass find our Air Sample Log,

Yours trulv,

JOHN MACHAE & ASSOCIATES INC,

el
" o
p E ot
4 e e

o
John MacRae

Jvifab

10 1144 FORT ST,
VICTORIA, e

. CANADA VRy 3§8

Telophuooe (F04) 3802711
Cellutar (b4 72711270
Fax (A04) ¥et-1123
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APPENDIX 9

MYCOLOGICAL TEST RESULTS
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MYCOLOGICAL TESTING

The mycological - biological tests were performed using three types
of media to ensure a full collection of fungi present in the
environment. The media used are described in the microbiological
analysis included in this Appendix. Petri dishes were placed in
each home environment for a period of half an hour. The
Mycological Testing Results list the organisms identified in each
of the samples. The results indicate that no alarming human
pathogens exist in any of the samples.

MYCOLOGICAL DEFINITIONS

BACTERIA - Minute, unicellular organisms that exist on dead organic
matter or as parasites. Bacteria are the chief agents of
fermentation, putrefication and decay. Many are capable of
producing disease or pathogenic.

FUNGUS - Any of a large group of simple plants characterized by a
lack of chlorophyll, such as molds, mildews, mushrooms, rusts, and
smuts. Most have a filamentous body or mycelium and subsist on
dead organic matter or as parasites.

YEASTS - A semi-fluid substance consisting principally of the
unicellular fungi which forms on the surface or as a sediment in

fermented fruit juices; is used in inducing alcoholic fermentation;.

or in the production of medicine.



ANALVTICAL & TESTING SERVICES
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ANALYTICAL & TESTING SERVICES
Ervironmental Investigations Research Ltd.
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ra b N et N o {f}

et =t s st Ml

Oraanisms ]Jdentified

Bacilius coagulans
Trichoderma sp

Penicillium simplicissimum
Candida sp

Hyalodendron pirinum
Staphyvlococcus warneri
Staphylococcus hominis
Staphylococcus saprophyticus
Phoma sp

Jrichoderma sp

Penicallium sp
Staphvlococcus warneri

Curtobacterium {flaccumfaciens

Curtobacterium albicum
Trichoderma sp

Rhodotorula rubra

Staphy lococcus gé.;};rophyti cus
Aerococtus sp
Staghylococcus haeml.,y_{;_igg_s

_S_taphy]ococcus b_aemolytlcus

Penicillium simplicissimum
Penicillium glabrum
Trichoderma ml viridase
Penicillium sp

Aspergillus sp
Staphylococcus xylosus
arthrobacter ml citreus
Klebsiella ml planticola

&_tzegtzx_l.gr_o.c_qg_ W.é‘.'i'.".‘%!’.!
Staphvlotozcus auricularis
Streptomyces sp

Furthie zopfia

P.O. BOX 2103, SIDNEY, BC. VBL 356

Likely Habitat/Comments

bacteria, soil

fungus, airborne, soil

fungus, airborne, soil

yeast, s0il, environmental
fungus, soil

bacteria, skin, envirgnmental
bacteria, primarily human skin
bacteria, skin, environmentsl
fungus, soil, vegetation
tungus, airborne, soil

fungus, airborme, soil

bacteria, skin, environmental
bacteria, vegetation: plant pathocen
bacteria, soil, vegetation

fungus, airborme, soil

veast, airborne, seasonal
bacteria, skin, environments]
bacteria, skin, environmental
bacteria, common airborne
bacteria, skin, environmental
veast, snil

fungus. airborme. soil
fungus, soil, vegetation
bacteria, skin, environmentsl

funqus, airborne, soi!

fungus, s0il, vegetation

fungus, s0il ‘

fungus, airborme, soil

fungue, soil

bacteria, skin, environmental
bacteria, soil, dust

bacteria, soil, water. vegetot:or

fungus, ‘e0i), vegetatimn
bacteria. skin, environmentai
bacteria, skin, ear
barcteria, airbomz, smi
bacteria., 011 & surtace water

R .-

.1 Crlﬂhq (-.‘i T

TEL: (604) 656-1334




ANALYTICAL & TESTING SERVICES

Client: E.I.R. Ltd./ Mary Parynuik
Sample: #W1BES '

MEDIA USED FOR SAMPLING:

1. BAP tryptone soya broth (soybean—casein digest U.S.P.) Oxoid CM129
0.94 (wt:vnl) sodium chloride
5.0% tuman blood (outdated)
1.5% agar

a 2. WA 1.5%4 water agar
! 3. PDA potato dextrose broth Difco
' 1.5%4 agar

g MB RESEARCH & DEVELOPMENT LTD. PO. BOX. 2103, SIDNEY, B.C. VBL 356 "TEL: (604) 656-1334



OCCUPANTS AND BUILDER

QUESTIONNAIRES



i O . AP Qe WL GR— G St Or—t— ST

Tupe of air handling system _2EECO
L. Tupe and size of home _ATTRCHEDN 4 o ——— e
2. Tupe of insulation _ I 20 WALL.% R4 _2TTIC
3. HNumber ’of occupants living in the home? ___.22._._.__ — —
4. Generally speaking how much time do you spend in Uour-ho;ne in

a 24 hour time period?

&~ \8hows

In general, on a scale from 1 being the worst to S being the

best, please rank the following with respect to:

¢ please note any additional comments )
S. Temperature __é_________________________,___._ ____
6. Drafts ___.__l& _______________________________
7. Uéntilation _____3_ _____________________________
8. Air freshness ___i ___________________________
8. @ir movement ‘*

i@. Odors __E\'_

T S, G I G— G M. —— S— f—— T I Cem— C— GEET> e EYAME: GoEe tr— C— A ST R SN GO S GRS . ST ST C——

11. Humidity 5

T D T St D €I SR ST CER ST IS SREE GO CTTE (Wi S CIHITS O SrAN Su——. D Ca— E— D —— O A O S Aty EX—m" —

12. Dust __Q___hﬂ_*_b_iﬁ{’__ﬁ_&'q_&h!‘_éi‘-{_

13. Molds __ 9

i — — R I S— — — — N A S T S G— — . S W SR S G S S ST R W S G o t—

JOoTAL




HOMEGIWNERS INDOOR AIR QUALITY QUESTIONNRIRE

Please answer the feollowing questions with a Y86 or a AS

14. Does anyone smoke in this home? If sc¢ how often?

&S ~_M_cigoretes /nike _

iS. Does anyone living in this home have allergies? If so, what are they?

__\none

16. Do vou use your kitchen fan? If so, how often?

17. Do you use your bathroom fan? If so, how often?

18. Do wou open vour windows? If so. how often?

_Nes____ls¥  Fhing {in Yhe wmornwng
NIGHT ? 0 , 20— HS win /o{o\,( oftn
—Do you generally have problems with any of the following:
16. Colds _ _ O 0
I7. Coushing —_0O0O _ _ _ e e e e e e e e e e e e e e e o e e

18. Sore throats __n._o____________;_ _______________
19, FaintneS S o D ) o o o e e e e e e e e e e e e '

28. Nausea __._NO0O — — — __________.;

21. Fatigue nNO - —- S

22. Headaches _ N QO

23. Back pain no. e e e e e e ————————

24. Eye strain .0 0O —— —_— e e e e e e e e e e e

25. Watery eyes __NO _

~initially For the Sirst week & then it
Aiss'\?a"\eal .




HOMEOWNERS INDOOR AIR QUALITY QUESTIONNRIR

26.

e?

28.

29.

36.

31.

m

sSkin irritation _ _nO

—— i W Cs. T S . — —— s . D Com— —

. What cleaning products do you use in your, home and how often?
—_~ tvf"’ Other do

_Me, Cleen , comet"Lemin pleda e /I X Lveck

What type of vacuum cleaner do wou use and how often?

__V.\_Q_’}f___‘-{_ﬁi_.,___u_s_e o OO _nDW ﬁv-m;l_gi#or

home? .

What are the two or three aspects of living in this home that you
would like to change or see changed?

__Vﬁﬁé_égm& Dotheoonn I;&\As._ﬁ

/7
R W00 o

iWhat two or three features of this home do you enjoy the most?

_lexs oS00

THAHRK YOU FOR YOUR COOPERATION, PLEASE ADD ANY ADDITIOHNAL
COMMENTS

AN doo- aetsS Jamwmeo

j\ ¥ Je ) éq%(



Address: ___"-é_ﬁ._.__ : QIAQK-LH\\ [y

- —= e N
Tupe of air handling system _B;Q.__QODE" ,(‘)WJO__M_K._E&E.S_)_‘LS_CO’I
1. Tupe and size of home A""r_ P‘__E-f__z_ﬁ_\_);e_-i____
2. Type of insulation R-Z0 waLr _&53_.9"'6“_

R amre cu exi a——

3. Number of occupants living in the home? __L_Ahs&-l_-'!_.__.;l__&gé_

4. 6Generally speaking how much time do you spend in your -home in ’
a 24 hour time period? '

MEECDAT 15 W - WeerxEMD o HR

In general, on a scale from 1 being the worst to 5 being the
best, please rank the following with respect to:
{ please note any additional comments )

S. Temperature '_..__2_._.__"_‘!-&.4.__&‘.\__'5_‘.&'&5_;‘___; ey
6. Drafts ___Z _DRATTY, uPsta®S
7. Ventilation ___5; _______ — — e e e e e e e e e St e e e e
8. Air freshness _5____________________._____.____._._______
9. Qir movement _i _____________________________
1e. Odors _____4:_ ______________________________
1. Humidity __ > ___ LIPO2IRS —_ e
12 bust ____ &4 e _
}3. Molds =




HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

Please answer the following questions with a Y88 or a R

14, Does anyone smoke in this home? If so how often?

| Ygs_ P>
I5. Does anyone living in this home have allergies? 1If so, w,hat‘ are they?
—Ne____ _ e
6. Do you use your .kitchen fan? If so, how often?
Yes s MAEM CookMe
17. Do you use your bathroom fan? If so, how often?
Ne _ e
18. Do wou open vour windows? If so, how often?
Yee __Smomeae
ot gl T
bo wou senerallg have problems with any of the following:
16. Colds ____f\/_e_‘?__;_.(lﬁ.‘.é.?_.c.z_v_@:;_?::ﬂ ). __________
{7. Coughing _._I‘—';_c—i._______“_______"__ e e e e e e e e e e
18. Sore throats \LO e e e e o e e e S . e . S e e e e e e e e e e, S e
19. Faintness __ _Alo — —_— —_— —_———
26. Nausea ____Sonlexedtaor
2l. Fatigue _____'BL? ______ e s o e e e o e e e e . e s e e
22. Headaches ___\ﬁk';é_____________________.___._..__________ _____
23. Back pain. : No T —— —_—— —_—
24. Eye strain Ho

25. Watery eyes __&'O

emmenem 00 RUEOENN BaSaewned

]



HOMEOWNERS INDOOR RIR QUALITY QUESTIONNRIRE

26. Skin irritation o ' - '-

27. What cleaning products do you use in your home and how ofte'n?

CoMeT 2% /g ——— ————
28. What tyrpe of vacuum cleaner do you use and how often?

WPriegHT  2-3/\wx e _—
29. What is the most significant factor affecting the air quality in your:

home? : ' .

_Occazional _ =TalE__AR = LlEED \UDOM/S,

38. What are the two or three aspects of living in this home that you
would like to change or see changed?

31. What two or three features of this home do you enjoy the most?

THRHK YOU FOR YOUR COOPERATION, PLEASE ADD ANY ADDITIOHAL
. COMMEHNTS



2. Tupe of insulation - =20 \Malls [/ R-24 Arric

3. Number of occupants living in the home? _%_.-_A:P_V‘JZZ_/_Q— Lps

4. Generally speaking how much time do you spend in your -home in
a 24 hour time period?

24 he

In general, on a scale from 1 being the worst to 5 being the
best, please rank the following with respect {o:-
{ please note any additional comments )

5. Temperature __ -‘-?_ e e o e €mem e e 2P e . . S e £ St e S e e R £ S e
6. Dbafts — 5 e e e e . e e S o S S 2. S . . S €, . £ e e e i e
7. Ventilation ___ -
8. #fir freshness ~__é’_____._____ ____________________
B, @ir movement ___4"’___ ____ __________________
18. Odors 4

11, Humidity ___ ____

12. Dust

Oty etatan G xR o CORES R WD Wt . R CEE S— s SR SR G G, SR SRR o SR T S—. ST SR —

13. tMolds 5

D GO A S T OO S R DA T G T S S S SO WY e GEED SO I S S S G WO S S G WD STy C—" S —




HOMEOWNERS INDOOR RIR QUALITY QUESTIOHHQIREk

Please answer the following questions with a Y86 or a RS

i4.

iS.

16.

17.

i8.

16.
i7.
i8.

18.

28.

21.

e2.
e3.
24.

es.

Does anuyone smoke in this home? If so how often?

Yoo EvERM___Dacy .
Does anuone living in this home have allergies? If so. what are they?
_No ———
Do vwou use your kitchen fan? If so, how often?

Ao TTIME

Do you use your bathroom fan? If so, how often?

e Fad  Cendteol

. X GRS, CTIEE> SRS ST T VST T ST R SRS GITEn R TS GRS SDI AN CURER TS RIS A TR At — TS GEED S GE S U W Sl SR S i) Ce S € S—

Do wou open vour windows? If so, how often?

R S G T A A N GRS O SEXE R S GRS SRR SR I S G S St G . S G i G— O G W Care G OO ST ED e S I " N——

v

you generally have problems with any of the following:

Colds UO

Coughing __ UO

Sore throats 4\\ o

D G AR GRS EXELD SRRy FES CH. SRR SRS SRS GREY YA N SEEEE ETTS SIS G SR GIEER SE OO = S s X S G, XX S v

Faintness _.__i_\_LLD -

Nausea ____’EX_O_

Fatigue .__.__.'l:_L_? ________________ e e e e e e
Headaches __._,_i}}Q ______________________
Back pain _\I:l e —— — e e e e e o e e e e s
Eve strain ‘\Lcﬁ

HWatery eyes _H(Z.____m,w__m__________; _______




s R

HOMEOWNERS INDOOR RIR QUARLITY QUESTIONNRIRE

26. Skin irritation __‘l\\-ﬁ —_——

27. What cleaning products do you use in vour home and how often?

_Coder __ Niupex ZPICSSPAL]

28. What type of vacuum cleaner do you use and how often?

29. Khat is the most significant factor affecting the air quality in your
home? .

e G RS QU EE I G L S ST G G St — G T — T YRS Hor GR Cottes G G ST L. G R W SR Gt S S . S G N S — ———

328. What are the two or three aspects of living in this home that you
would like to change or see changed?

D SH— —CT S G, W AT G—— — A— — Sv— — —— — i— {—— TS T LA i - T C— —— T S——— o G S AR SR (A CEEES CH CE COE— T Se—
R ot CEE— EE— et Gx— CE— G CM O —— - O fi— —— ——— — T SN Gt . —— i — — t— — ot . I S, CE—C— CIEEES W G R CCr i =

31. What two or three features of this home do you enjoy the most?

THANK YOU FOR YOUR COOPERATION, PLEASE ADD ANY ADDITIONAL
COMMENTS



o P_—

3. Ture and size of home éIIé;_C_—:HED | =DEeE
2. Type of insulation _ELQ_MQ%E_/_E;ﬁ_Amc’s
4. Number of occupants living in the home? __\_.Abu.g:_ | ;P:JD N
4 Generally gpeaking how much time do you spend in uour--ho;'ne in
a 24 hour time period? .
R bR ek 2ihe e d
In general, on a scale from 1 being the worst to 5 being the
best, please rank the following with respect to:
¢ please note any additional comments )
S. Temperature l —— e e o e e S S e S e e it S e i o G S e S e e
6. Dbrafts _ | _
7. Uentilation ____4: ____________________________
8. Air freshness _&t____________,_______.___._ ___________
3. Air movement _ﬁ‘ ____________________________
1¢. Odors ____ _ _“ <4 ?”‘ V::+ i‘i_'g.‘.:éi_:gé:_%__
11, Hur'niditg ____: ____________________________
12. Dust 4 — — e e e ——————
i3. Molds t _______




HOMEOWMNERS INDOOR AIR QUALITY QUESTIONNRIRE

Please answer the following questions with a 886 or a RG®

14. Does anyone smoke in this home? If so how often?

2 _caes / DAY
- .

IS. Does anyone living in this home have allergies? If so, what are theu?

o

16. Do you use your kitchen fan? If so, how often?

1?. Do you use your bathroom fan? If so’,_ how often? A
Yol e e (cendn) ?)

18. Do vou open wour windows? If so, how often?
SELDOWA

Wi+ ! v

-

Do yvou generally have problems with any of the following:

16. Colds K]

D SH SR SR S SCEITR WA GVEED SITIE GCEES CEEE G, GIRND LIIED GEEEr I SIS i e S . S R S GO S e IR S YR S G GIEE GRS N

17. Coushing 1

i8. Sore throats _:(_

19. Faintness U

28. Nausea

+
21. Fatigue 4 ; '
i~

2. Headaches

T W G G G S A erEai IR SO S N ST, R GO —" S S S W S ST S G SRR R G R €T S S GRS R

23. Back pain

N
24. Eye strain \f _QOJM”,- ﬁ?_v _Igr_-;g_éﬂl
1N

£25. Watery eyes

S ca S GEE o G W= GO SEEET COTE COXTES XN SPTIER EPEE CORD G e— R I . G COXRie W S SES, CEts S, CIrees. EXEL S I




HOMEQWNERS INDOOR RIR QUQLITY RUESTIONNRIRE

26.
27.

28.

239.

36.

31.

Skin irritation N

What cleaning products do you use in your home and how often?

Me_ GCern) / 2 A.&/_I.\_/eg:{__:’?fs.«:!. ______ | Lz

What type of wvacuum cleaner do gou use and how often?

Lbue FOETABLE e -
Hhat is the most significant factor affecting the air quality in your
fhhome? , .

HAANOK NI

HWhat are the two or three aspects of living in this home that you
would like to change or see changed?

e a —— — —— — T S S S SR SRR VER T cei R — T IR R EETE G X SEEs RS CIES WY UKL, e Sem—
A, SR XA SR G GIATES IR SEEEE IS XN CIR SN G E— TR S D XA s EEEEE (ISR St SEEER U ST S S WO Caa WD CEm— ST S GRS SRR WO ST AR e S
TR S G e G G G S D S T S G EXSER. I ey D ErEE COrete X (T Gy S R I, CI e S S G KN R G SO CIe. (NS CERSE: SR S G
Ay ERE G G G G R W S GIOIKE R R AT T S G S . S S S s W e S i, O RN K GOTT. T, W— O G COF. SRRy SRR W " -

THANK YOU FOR YOUR COOPERATION, PLEASE ADD ANY ADDITIONAL
COMMENTS



R,

fddress: 3&-8 | j;C.&LH-i <>

"l'gpe of air handling system HE\/

i. Tupe and size of home ATTaciieED .2. 2IDES

R i SR QR SUIEES NS SO €N S

2. Type of insulation —2—'22 \ﬁ/ﬁs_lr_lgs / R-24 Xrmics
3. HNumber of occupants living in the home? S —

4. Generally speaking how much time do you spend in your -home in
a 24 hour time period?

In general, on a scale from 1 being the worst to 5 being the
best, please rank the following with respect to:
{ please note any additicnal comments )

S, Temperature __,_5 e e e e e S e e e A e e e e S S e S e S
6. Drafts ____ 5 __ ___ d.:g_ﬁ%_' v\__‘:r_k_e_;io_\‘ega_v_o_ar_»\___i
7 Ventilation _ _ 5o oo
B. Air freshness O oo
9. Air movement _____5, ___________________________
1. odors _ocot _coticeeble 4
1. Humidity __5_____ _ e e
12. Dust _d A -

12. Molds ___NoGné 5

T — XX GXEES XD CErm— G S - ——— G T S - raREy R, WIS S T CE— S—— " RS SR G VAN whia GO SR S S




HOMEOWNERS INDOOR ARIR QUALITY GUESTIONNRIRE

Please answer the following questions with a Y&6 or a R®

14. Does anyone smoke in this home? If so how often?

_—nO_

15. Does anyone living in this home have allergies? If so, what are they?
dus+ Co&i$ '; O'Ios S

~ S boys 12, 3, QA yrs oid _aildew _Zcorpet
|2 & 13 ur 2 Rowve red roce bileeds I2urs oled br
16. Do you use your kitchen fan? If so, how often? out i~ E\C:‘D\/?S
, (50m<’ OA
y25 _ﬁ_t/f‘r(_}__‘(‘_iw_v_wf__&ﬁx(:’ COOKS '

17. Do you use your bathroom fan? If so, how often?

_no bo -t Hom '(:o..vx

.

18. Do vou open your windows? If so, how often? o he o cleonine

___evtry _evenincg  SOmetimes Sed heooos

. 5 \ "
Wiakht behrPonw~  wi oW 0PN o nwg T
A 3

uLes

Yo ywou Senerally have problems with any of the following:

16. Colds ____’Jg._s_"‘ ‘+he bo_n‘é with = \\erg je<

1?. Coughing ____.s ) i X ‘v

18. Sore throats ‘(¢ ‘0 ¢ ¢ ‘¢ ’) ¢

19. Faintness _yuSt _3he A2 ur o\d.__/AsOme \Jut

26. Nausea no

R RS R S GO S S S—" —— — —T—— G E— —— vra— CTEee

21. Fatigue 2 £ 4 ¢ ¢ & ¢ &9

22. Headaches 12 d 13 Wt o\d

23. Back pain __YRS

24. Eye strain O

S Gt e G e G — G — Oty S A S WS G GIr G TR G Gm—" t—" C—

25. Watery eyes O

RO SRR



HOMEOWNERS INDOOR AIR QUALITY RUESTIONNAIRE

26. Skin irritation _ qust _the .‘.l...z..u(‘:.'_‘)‘d\
27. What cleaning products do you use in your home and how often?

Me. Clean , lysol every week
. R =

28. What type of vacuum cleaner do you use and how often?

electrolox 2100 ____ I every znd_day

29. What is the most significant factor affecting the air quality in your
home? .

38. What are the two or three aspecf.s of living in this home that uou
would like to change or see changed?

WA RS Ky IR QS AR AT WEXER CRIEY K G SEN G S T ey S GEEED S S R W S SIS ST e @l . CE e Srn ST TR T K GETO SRR G S

i v e e awece o S o~ . e G G ot GHENO G G TG O Sa S SR IR W

THAKK YOU FOR YOUR COOPERATION. PLEASE ADD ANY ADDITIONAL
COMMENTS :



e

11. Humidity _.l}.__._

Address: __3-_05._3:\5::\@? QMA Shaten 4 D“V.i_.[ﬂﬁ‘;‘.r\\f_

‘ 1. Tyrpe and size of home _&L_LO_O_;\Z

Tupe of insulation __ ib&!’%&g\s_i__\ﬁ_i{\\/

2
J. Number of occupants living in the home? u’
4

. Generally speaking how much time do you spend in your -home in
a 24 hour time period?

In general, on a scale from i being the worst to 5 being the
best, please rank the following with respect to:
¢ please note any additional comments )

5. Temperature __“L ____________________________
6. brafts _ M _
7. Ventilation _S__
8. Air freshness __ﬁ ____________________________
9. @ir movement 3

— —— . G G G— . D S—— ST S SIS W Gl et AT S e — G, W e WO, I S e EAn e S— —

d@. Odors _1":

12. pust _ 37 ‘ -~

13. Molds _ngn_@__,__n_e_w_bom_b_ ____________________




HOMEOWNERS INDOOR RIR QUALITY QUESTIOHHRIRE

Please answer the following questions with a ¥aE or 2 RE

44. Does anyone smoke in this home? If so how often?

—N2S Q\Lt’_(;:(__c)\qi . ca_LL_O\O\L:

15. Does anyone living in this home have allergies? If so, what are theu?

16. Do you use your kitchen fan? If so, how often?

17. Do vyou use your bathroom fan? If so, how often?

18. Do you open your windows? If so, how often?

00 wot _in the wiado winkr, . ummers_only

16. Colds v O

i7. Coushing __WO R
18. Sore throats _.WO0_
19. Faintness hQ

208. Nausea —_no_

21. Fatigue _._NO

22. Headaches _ 0O _ e e e e e e e e e e e e e e e e e e e
23. Back pain no_ e e e e e o e . e e e et e e e e e e e e e e e em
24. Eve strain __NO __
25. Watery eyes no




HOMEQWNERS INDOOR RIR QUALITY QUESTIGNNQ..\E

26. Skin irritation nO

27. What cleaning products do you use in your home and how often?

—windey, Mc. Clean , Foam = twpd file cleaner X /week omc

+0t«\C"\ M{\ ""‘\Am
28. What type of vacuum cleaner do you use and how often? ihe week

~ Bt tn . eletolwx

29. What is the most significant factor affecting the air qualltg in gYour
home? 7 .
—non€

36. What are the two or three aspects of living in this home that you
would like to change or see changed? ~

31. What two or three features of this home do you enjoy the most?

.S\ua..;s__\mgeﬂ_ it evw;ﬁ.bmg_ {wor oy ess)
cm__c._q:ungn’;

THAKK YOU FOR YOUR COOPERATION, PLEASE ADD ANY ADDITIGHAL
COMMENTS



Address: _90\1 \ é MiKe, ?_S_c.\r\‘\ chero

2839 Pickford  Roed

e Nic. ®.C._Na® 33D 478-0020

Tepe of air handling suystem b“.s..L\ZQ.Q.\“t)x “\M\_Q."_s

2. Type of insuiat&on

Builder Dant
3. Number of occupants living in the home? o

4. 6Generally speaking how much time do you spend in your .home in
a 24 hour time period?’

oA howr> [/ MIRe o W hrs

In seneral; on a scale from 1 being the worst to 5 being the
best, please rank the following with respect to:
{ please note any additional comments )

S Temperaﬁure _____Z’___, e o . o e e e e e e e, e . e S G . S . e e e
6. Drafts —2 — e
7. Uentilation _ _____ 4 S
B. Air freshness _.___'i__ e e e e e €220 e e S e S D R, S S5 e S S e e
9. @ir movement ___H: _______ . e e e e e e e e e S e S S e e e

9. Odors _; _____ Lt_ ______ — e e e e . e e oo e s e S e e
1. Humidity ______\ — e

12. Dust ________‘_3 _____ ———— e
13. Molds \

ARED i D GO R DS SR GR KT G GRS TN EXEE GRS ENIYED G G e A GO ) . S SN S S——— A d— — W ity S e




HOMEOWNERS INDOOR RIR QUALITY QUESTIONNRIRE

Please answer the following questions with a Y88 or 3 ne®

14. Does anyone smoke in this home? If so how often?

np.

1S5S. Does anyone living in this home have allergies? If so., what are they?

———D0

156. Do you use your kitchen fan? If so, how often?

17. Do you use your bathroom fan? If so, how often?
__‘-Jris._.__-,__QL\h’.Qui§__

18. Do wou open wour windows? If so, how often?

e O I S—— G S G E—— S ST S—— GO ) C——

16. Colds ____.NO
17. Coughing _._._V_‘_O_____ S
18. Sore throats 810

19. Faintness _.__1NO

28. Nausea _._..._...‘DQ ______________________

21. Fatigue __ hO e s e . o e e i e e e e e e e e

22. Headaches ___ YO __
23. Back pain N0
24. Eye strain N0
25. Watery eyes no

[ e R Sva—

]



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNRIRE

&N b

26. Skin irritation __N0D_ _

47. What cleaning products do you use in your home and how often?

_P.‘\.x\£_5.Q\.. AN-NV.S'4 [/ Me.Cleany, 1% _'/ week

28. What type of vacuum cleaner do wou use and how often?

Roove e \4.(3_‘:.\&\1'&__'.____3} e \% wonths
29. What is the most significant factor affecting the air quality in your
home? : .
~Nueidiky = wold 3w _wiedows  siW\g
_JQ&K_QEJQ\‘Eﬁﬁm;_hliﬂ;_xﬁEbr_insga%L
o ©

386. What are the two or three aspects of living in this home that you
would like to change or see changed?

selve. _Ybe  wold _pedklem  /huwidily pob
_ésﬁig_gaf;ﬂﬁi_EEQQLQQQ:_sxﬁuuﬁﬁ;ifﬁfkyL?“

T A T SEE S, C—— . SR G S — I Gl e S— ST T L e GTEYS GEREYA SIS CaNt e QDTS O UK S (IS RO T TSy T G TR VOIS R CERET S Crmes

31. What two or three features of this home do you enjoy the most?
_Laht /[ bolghtness  / seacious /[ has o basement
—_Craw\Seuse Sov Skrmad

— T TS G— - AL WA S AN G EXENR IS SR SETEs CEErE COT— ST GHCTED X en

TS GENE G SKENEY ST CIEETS VTR GRS EEETD CRCE s ST G G SR EEN S GEAES G S I G SR Ciiate S C— CEATE. R S RN SE— O A Shtm S C— G S G S

THANK YOU FOR YOUR COOPERATION, PLEASE ADD ANY ADDITIONAL
COMMENTS
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Alr Quality Questionnaire

Thank you for helping out with our air quality study. You were

great, and I think we've learned some good things about the
different kinds of ventilation systems.

As part of the study, we'd like to ask how you’ve found the comfort

of your house in the last couple of weeks. If you haven’t noticed
- any difference from day to day, then that's useful information too.

MARCH 22 - 29 th MARCH 3@ - APR 6 th

TOO COLD
TOO HOT
TOO STUFFY
TOO DRAFTY
TOO MOIST

If you kept your windows closed, did it make the living area less
comfortable? (A, 5 How about the bedroom?_ 2~

L2

How many people lived in the house during the survey? t%

s e s e s s o

Were you away at all during the survey?_\4 J-, If you can remember
wvhen, please write dates down. :

P&Sﬁ’&{‘*kaf¥wwz ~ Vféf¥>opww word cws
wpshaive ~ dopnstors ¢ badk door &-\\’ﬁv
Crack oo . TS othenw j‘m W Lec,

KX i\.eu%xb \,\uJT wicg e,\(.c,b\y%’ W W JN
\.’Loii/vw‘b\w_&. & aeX o PRV



WAL PiPE

Air Quality Questionnaire

Thank you for helping out with our air quality study. You were

great, and I think we’ve learned some good
different kinds of ventilation systems.

things about the

As part of the study, we*d like to ask how you’ve found the comfort
of your house in the last couple of weeks. If you haven’t noticed
any difference from day to day, then that's useful information too.

MARCH 22 - 29 th MARCH 3@ - APR 6 th

TOO COLD

TOO HOT

TOO STUFFY

TOO DRAFTY

TOO MOIST

If you kept your windows closed, did it make the living area less

comfortable?__ : How about the bedroom?

How many people lived in the house dﬁring the survey?_f}____

Were you away at all during the survey?%&&}_.
when, please write dates down.

obout twio cio\\\b‘, Mo< N,

’ | Thebs

If you can remember

VRAEETE




ALl INLET
AP, 20

Alr Quality Questionnaire

Thank you for helping out with our air quality study. You were
great, and I think we’'ve learned some good things about the
different kinds of ventilation systems.

As part of the study, we'd like to ask how you’ve found the comfort
of your house in the last couple of weeks. If you haven’t noticed
any difference from day to day, then that’'s useful information too.

MARCH 22 - 29 th MARCH 38 - APR 6 th
TOO COLD

TOO HOT

TOO STUFFY P P

TOO DRAFTY '

TOO MOIST

If you kept your windows closed, did it make the living area less
comfortable? g How about the bedroom?SoMcTim ¢

How many -people lived in the house during the survey?___j_’_____

Were you awvay at all during the survey‘# o If you can remember
wvhen, please write dates down.

; e Az
D s W‘ = T -

T e sreee

Y
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VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

YES NO YES NO

1) Does it meet air quality needs? v

2) Does it effectively deal with:

S
a) Moisture?
/
- b) Odors? i
w/
¢) Contaminants?
3) Is it: a) Excessive? IR N DA

b) Necessary?

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

s /7

S

5) Approximately how much does it cost to install an HRV Full
Duct System in an electric baseboard house with three bathrooms?

A AL

6) There is a proposal that the 1995 Building Code will require a
fully ducted, continuous ventilation system. Considering the
increases in the air tightness of construction, do you think this
proposal is: ' :

a) Necessary? //
b) Unnecessary?
Comments
MARKETABILITY OF VENTILATION SYSTEMS
Easy to Difficult
Market to Market

B.C. Code System

3 \3) 1 0 _ 1 2 3

-~

HRV System

3 2> 1 o0 1 2 3



MAINTENANCE OF VENTILATION SYSTEMS

Difficult
to Maintain

1 0 1 2 3

Easy to
Maintain
B.C. Code System
S, 2
HRV System N
(372

1 0 1 2 3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very
Effective

B.C. Code System

Very
Effective

~

[L8)

A\
1 0 1 2 |3

HRV System
ESL 2

-

1 o 1 2 3/

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Very
Effective

)
1 o0 1 2z 3/

Not Very
Effective
B.C. Code System
3 2
" HRV System
3 2

INSTALLATION OF VENTILATION SYSTEMS

Easy to
Install

B.C. Code System

| ~
1 0 1 2 g,)

Difficult
to Install

3 2

HRV System N

3 2
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VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V.
VENTILATION DUCT SYSTEM

FULL

YES NO  ¥ES

1) Does it meet air quality needs? o~ v
2) Does it effectively deal with:

a) Moisture? 4 v’

b) Odors? ' // 4

c) Contaminants? / vd

3) Is it: a) Excessive?

N

'b) Necessary? v 2

4) Approximately how much does it cost to install

. wews - Yggo Y500

NO

B.C. Code

‘Ventjlation in an electric baseboard house with three bathrooms?

5) Approximately how much does it cost to install an HRV Full
Duct‘gystem in an electric baseboard house with three bathrooms?

$_ 1660

6) There is a proposal that the 1995 Building Code will reqguire a
fully ducted, continuous ventilation system. Considering the
increases in the air tightness of construction, do you think this

proposal is:

e

a) Necessary?

b) Unnecessary?

Comments it Q\kqlecé w4y +a_ Cof}'rol
The lﬁ§n7 ?oall*; within Fhe home
HARKETABILITY OF VENTILATION SYSTEMS
Easy to Difficult
Market to Market
B.C. Code System (£> 3 : = : > 5
HRV System 3

3 C?) 1 0 1



MAINTENANCE OF VENTILATION SYSTEMS

Easy to | Difficult

Maintain to Maintain

B.C. Code System

@ 2 1 0 1 2 3

HRV System -
(3) 2 1 0 1 2 3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective - Effective

B.C. Code System .
G) 2 1 ) 1 2 3

HRV System <
| 37 2z 1 o0 1 2z (3

POLLUTiON CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System

HRV System P
3 2 1 0 1 2 G;

INSTALLATION OF VENTILATION SYSTEMS

Easy to Difficult
Install " to Install

B.C. Code Systém

HRV System -

Ky



m m

et

VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

tes ([0, (123 ) wo
1) Does it meet air quality needs? ’fQ//€7[7/;%g;g

2) Does it effectively deal with:

(ijﬁ)\ Moisture?

égu//Odors?
C;gl/)Contaminants?

3) Is it: a) Excessive?

K:El/ Necessary?

4) Approximately how much does it cost to install B. C Code
Ventilation in an electric baseboard house with three bathrooms?

$_€i!13;;%3 : 'ézif 'Ziklcagﬁéz LL4»-/AQ“45 /w/ )tﬁzb4*i/

/

5) Approximately how much does it cost to install an HRV Full
Duct System in an electric baseboard house with three bathrooms?

M
$ ‘;3 GO0 . 5D éz¢29¢=4ﬁg P 45445L/ = )Cf£;~guh/

Y,
6) There is a proposal that the 1995 Building Code will require a
fully ducted, continuous ventilation system. Considering the
increases in the air tightness of construction, do you think this
proposal {s:

(i:él/Necessary? 5?3/13

b) Unnecessary?

. . /
Comments ££Z%257 zﬁmzb /éZLVC proys
4 zi i ,
MARKETABILITY OF VENTILATION SYSTEMS

Easy to Difficult
Market ‘ to Market

&lz 1 o0 1 2 //%
/*7%' o




MAINTENANCE OF VENTILATION SYSTEMS

Easy to Difficult
Maintain to Maintain

B.C. Code System [f’“ 3 3 Chﬁéaﬂé;éﬁé
HRV System é/\ 3 &Z/pw
| , 2 1 o 1 g

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEHS
Not Very ‘ Very
Effective Effective

B.C. Code System ., __ )
W 2 1 0 1 2 3

HRV System N

3 2z 1 o0 1 2 (3/

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very : Very

Effective Effective
B.C. Code System A

(;/7 2 1 0 1 2 3
HRV System Y

3 2z 1 o0 1 2 (3/

INSTALLATION OF VENTILATION SYSTEMS

) - Easy to Difficult
' - Install to Install

B.C. Code Syéfem | )
T

~—

HRV System _ A
(yg// 2 1 6 1 2 3

=
(=]
]
N
(7]




VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

YES YES NO
1) Does it meet air quality needs? o’
2) Does it effectively deal with: v//

a) Moisture? V//
b) Odors? /

c) Contaminants?

v

o N X

3) Is it: a) Excessive?

v/

b) Necessary?

4) Approximatély how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

$ oo~ DO

5) Approximately how much does it cost to install an HQV‘ Full
Duct System in an electric baseboard house with three bathrooms?

$ 1306 1o fg0O0
€é) There is a proposél that the 1995 Building'Code will require a
fully ducted, continuous ventilation system. Considering the

increases in the air tightness of construction, do you think this

proposal is:
a) Necessary? \////’

b) Unnecessary?

Comments

MARKETABILITY OF VENTILATION SYSTEMS

Easy to ' Difficult

Market _ to Market
B.C. Code System

32 o 1 [2) 3

HRV System




HAINTENBNCEAOF VENTILATION SYSTEMS

Easy to " Difficult

Maintain to Maintain
B.C. Code System =

HRV System [

AIR QUALITY EFFECTIVENESS OF VENTIL&TION SYSTEMS
Not Very : Very
Effective Effective

B.C. Code System N
3/ 2 1 0 1 2 3

HRV System

L
3 2 1 0 1 2 \3)
POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very- | Very
Effective : Effective

B.C. Code System .
'@210123

HRV System
3 2 1 0 1 2 C;>

INSTALLATION OF VENTILATION SYSTEMS

Easy to Difficult
Install to Install

7D 3

1
P e
3 2 1 o U/ 2 3

B.C. Code System

3 2 1 0

HRV System
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VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

YES NO YES NO
1) Does it meet air quality needs? N O - NA&
2) Does it effectively deal with:

a) Moisture? NG YES
b) Odors? , No [ES
c) Contaminants? N O $ES
3) Isvit:‘ a) Ezxcessive? N HR N
b) Necessary? YQES iﬁES

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

$__ 454"

5) Approximately how much does it cost to install an HRV Full
Duct System in an electric baseboard house with three bathrooms?

s Ao’
6) There is a proposal that the 1995 Building Code will require a

fully ducted, continuous ventilation system. Considering the
increases in the air tightness of construction, do you think this

proposal {is: ///

a) Necessary?

b) Unnecessary?

Comments

MARKETABILITY OF VENTILATION SYSTEMS
Easy to Difficult

Market to Market
B.C. Code System — ‘
3 1. 0 1 2 3

HRV System

1 0 1 2 3

(NJ%’) [ ]



MAINTENANCE OF VENTILATION SYSTEMS
Easy to ' Difficult
Maintain to Maintain

B.C. Code System
3 2 1 0 1 2 3

HRV System : \

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System -

3 CE) 1 0 1 2 3

HRV System ~
3 2 1 0 1 2 3

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTENMS
Not Very Very
Effective Effective

B.C. Code System ~
3 2 (l) 0 1 2 3

HRV System ‘ 4

INSTALLATION OF VENTILATION SYSTEMS

Easy to Difficult
Install to Install

B.C. Code System -~

(3/2'10123

HRV System _ o

(5]
[N
[y
o
[
G
[
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VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION  DUCT SYSTEM

@ wo vEs (o)

1) Does it meet air quality needs? V&S A.C Cont

2) Does it effectively deal with:
a) Moisture? Y¢5 s.c CoOV
b) Odors?
c) Contaminants?
3) Is it: ‘a) Excessive? MO AL (oDt
b) Necessary?

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

s 2T O0

5) Approximately how much does it cost to install an HRV Full
Duct System in an electric baseboard house with three bathrooms?

s /Peco

6) There is a proposal that the 1995 Building Code will require a
fully ducted, continuous ventilation system. Considering the
increases in the air tightness of construction, do you think this

proposal is:

a) Necessary?

b) Unnecessary? 1///

Comments

MARKETABILITY OF VENTILATION SYSTEMS

Easy to | Difficult

Market to Market
B.C. Code System I\

3 2 1 0 1 2 3

HRV System

3 2 1 0 1 2 3



MAINTENANCE OF VENTILATION SYSTEMS

Easy to ’ - Difficult
Maintain to Maintain
B.C. Code System ,/ \_
. <3i) 2 1 0 1 2 3

HRV System

3 2 1 0 1 2 3
AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective . Effective
B.C. Code System | O\

3 2 1 (3/ 1 2 3

3 2 1 0 1 2 3

- HRV System

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Céde System : S

HRV System

INSTALLATION OF VENTILATION SYSTEMS

Easy to Difficult

Install to Install
B.C. Code System N

3 2 1 0 1 2 3

HRV System N
@) 2 1 0 1 2 3

[

Lor o]

SRR



CrerORRGER,

VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

@ w

1) Does it meet air quality needs?
2) Does it effectively deal with:

a) Moisture? v
b) Odors? v
c) Contaminants? /
3) Is it: a) Excessive? V/
b) Necessary? | V/

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

$ gﬁﬁlﬁQLS“ [om1)

5) Approximately how much does it cost to install an HRV Full
Duct System in an electric baseboard house with three bathrooms?

$ ¢ 22 0N O
6) There is a proposal that the 1995 Building Code will require a
fully ducted, continuous ventilation system. Considering the

increases in the air tightness of construction, do you think this
proposal is: ;

a) Necessary?

, 'b) Unnecessary? }4;‘5
Comments en s CoAs— 77 ¢S AVGT
AT s sanS,

MARKETABILITY OF VENTILATION SYSTEMS

Easy to Difficult
Market ” to Market

B.C. Code System P
3 @/ 1 0 1 2 3

HRV System PN




MAINTENANCE OF VENTILATION SYSTEMS

Easy to Difficult
Maintain : to Maintain

B.C. Code System
<3) 2 1 6o 1 2 3

HRV System ‘ 2\
3 2z 1 o0 12 (3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS
Not Very Very

Effective Effective
B.C. Code System

3 2/ 1 0 1 2 3
HRV System PNy

3z 1 0 (1 2z 3

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective
B.C. Code System o
: 3 (2 0 1 2 3

HRV System

1
=
i 2 (o o 1 2 3

INSTALLATION OF VENTILATION SYSTEMS

Easy to o Difficult
Install to Install
B.C. Code System
(}:) 2 1 0 1 2 3
HRV System
_ 3 2 1 0 1 2 3

S L] DERREL?
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VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION = DUCT SYSTEM

YES MO

1) Does it meet air quality ﬁeeds?

2) Does it effectively deal with:
J a) Moisture?

b) Odors?

c) Contaminants?

3) Is it: a) Excessive? %;T 4///

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

$ #ﬁg-w

5) Approximately how much does it cost to install an HRV Full
Duct System in an electric baseboard house with three bathrooms?

b) Necessary?

$ QK\LSQCD -2
6) There is a proposal that the 1995 Building Code will require a
fully ducted., continuous ventilation system. Considering the

increases in the air tightness of construction, do you think this
proposal is:

a) Necessary?

b) Unnecessary? ,///

Comments 155 ﬁﬁLUUA <Kb\thA LAA. Codu &10 .Lb@lq
4 3 ),

MARKETABILITY OF VENTILATION SXSTE&S

Easy to Difficult
Market s to Market

B.C. Code System' //
3 2 1 0 1 2

3
HRV System | ;//



MAINTENANCE OF VENTILATION SYSTEMS

Easy to | Difficult
Maintain to Maintain

B.C. Code System [/ _

3 2 1 0 1 2 3
HRV System . //
3 2 1 0 1 2 3
AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS
Not Very Very

Effective Effective
B.C. Code System

HRV System s :
: 3 2 1 0o 1 2 3

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very ' Very
Effective Effective
B.C. Code System 44//
3 2 1 0 1 2 3
HRV System //,
3 2 1 0 1l 2 3

INSTALLATION OF VENTILATION SYSTEMS

Easy to , Difficult
Install to Install

B.C. Code System /
3 2 1 o 1 2 3

HRV System ‘4///
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VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION  DUCT SYSTEM

O YES NO

@

1) Does it meet air quality needs?

/
/

2) Does it effectively deal with: ‘
a) Moisture? ~/;;

b) Odors?

c) Contaminants?.
3) Is it: a) Excessive?

b) Necessary?

4) Approximately how much does it cost to install B.C. Code

Ventilation in an electric baseboard house with three bathrooms?
-~ ' ~ Y

s3-0n ﬂ04 QoG {ora g, o 0 {f‘-lxé L S

5) Approximately how much does it cost to install an HRV Full

Duct System in an electric baseboard house with three bathrooms?

é) There is a proposal that the 1995 Building Code will reguire a
fully ducted, continuous ventilation system. Considering - the
increases in the air tightness of construction, do you think this
proposal is: :

a) Necessary?

'b) Unnecessary? D d

Comments

MARKETABILITY OF VENTILATION SYSTEMS

Easy to Difficult
Market ‘ to Market

B.C. Code System

HRV System




MAINTENANCE OF VENTILATION SYSTEMS

Easy to | Difficult
Maintain to Maintain

B.C. ‘Code System

HRV System

3 2 1 0 1 2 3
AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code Systém

HRV System

3 2 1 0 1 2 3
POLLUTION CONTROL EFFECTIVENESS OF VEHTILATION SYSTEHS
Not Very : Very

Effective Effective
B.C. Code System

3 2 1 0 1 2 3

HRV System

INSTALLATION OF VENTILATION SYSTEMS

Easy to ‘ Difficult
Install to Install

B.C. Code System

3 2 1 0 1 2 3

HRV System
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VENTILATION QUESTIONNAIRE

B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

‘'YES NO YES NO
1) Does it meet air quality needs? v v
2) Does it effectively deal with:
a) Moisture? v \//
b) Odors?
¢c) Contaminants? J/

b) Necessary? J v/

v
J/ : ’
/

3) Is it: a) Excessive?

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

sé_u‘ﬁ-//

5) Approximately how much does it cost to install an HRV Full
Duct System in an electric baseboard house with three bathrooms?

$/5C’C’f g <

6) There is a proposal that the 1995 Building Code will require a
fully ducted, continuous ventilation system. Considering the
increases in the air tightness of construction, do you think this
proposal is:

a) Necessary?

b) Unnecessary? v

Comments :2:(;' /é//f L/ ,/{/. y ~ m/ljz PR

/ .
MARKETABILITY OF VENTILATION SYSTEMS

Easy to . Difficult
Market , to Market
B.C. Code System Z
: 3 Gy 1 0 1 2 3
HRV System o~

@- 2 10 i 2 3

‘a//
/l-/’_.é"‘?,k".z:f ’J{Q'f/ﬂ.&/frﬂj' {;/ el /j / 7 AJC[, /-—f # 46 VI



MAINTENANCE OF VENTILATION SYSTEMS

Easy to Difficult
Maintain to Maintain

B.C. Code System

65 2 1 0 1 2 3
HRV System —

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective : Effective

B.C. Code System

HRV System

3 2 1 o0 1 2 @
POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEHS

Not Very Very

Effective Effective

B.C. Code System o~
3 2 Qy 0 1 2 3

HRV System : a
3 2 1 0 i &3? 3

INSTALLATION OF VENTILATION SYSTEMS

Easy to Difficult
Install to Install

B.C. Code System 2>

@210123
.321(0)12"3

HRV Systenm

Lot R R
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TEST EQUIPMENT



TEST EQUIPMENT

The equipment used in the saﬁpling for this study are as follows:

NOVA 5286 Carbon Dioxide/Carbon Monoxide Analyzer;
BURKE 1880 Micro-processor Control Panel;

Calibrated Air pump/impinger Formaldehyde Monitors;

. Advance Controls Technologies) Electronic 6% RH, and

Electronic Temperature Sensors;
Sling Psychrometer;

Digital Thermometers;

DWYER 478-1 Thermal Anemometer;

Microbiological & mycological sampling.‘



INDOOR AIR QUALITY GUIDELINES



Contaminant

Carbon dioxide
(Ashrae)

Carbon Monoxide
(Ashrae)

Formaldehyde

Respirable Particles

(OSHA Standards)

Micro-organisms
(OSHA Standards)

Bacteria
(OSHA Standards)

OR AIR QUALITY 8

ximum ¢ ion

600 ppm to 1,000
(Problems start)

35 ppm for 1 hour
9 ppm annual

0.1 ppm instantaneous
'3 ppm for 8 hours

0.075 mg/m3 instantaneous
RSP Particle size=1.0-10.0um

" Average particle sizes are
as follows:
Atmospheric dusts 0.001 -25um
Bacteria .3-13um
Insecticide dusts 0.5-10um
Pollens 10 - 100um
Tobacco smoke 0.01-1lum
Viruses 0.004-0.06um

500 CFU/m3 guideline
Generally not a problem
e.g. Legionella Pneumophila

gurce

Humans and
animal
respiration

Cigarettes,
combustion of
fossil fuels

Building (ASHRAE)
Products,
U.F.F.I.,
glue and
particle board

Dust, smoke,
plant spores
pollens,
bacteria

Products,
cloth, rugs,
humans, pets
humidifiers,
plants,
insects, air
conditioners.
Any organic
material can
support
growth when
wet.

Found in
buildings in
standing
water



Contaminant axi entratio

Mycological - Potential fungi of concern:
 Aspergillus flarus (At high incidence)
Aspergillus niger (At any incidence)

Aspergillus fumjgatus (At any incidence)
Stachybotris atra (At any incidence)
Thermoactimonyces cadjdus (At any incidence)
Aromatics | In exposure studies, levels of
(OSHA Standards) 5mg/m3 or higher were found to
cause mucous membrane irritation
- Toluene ' 200 ppm for 8 hours
- Xylene 100 ppm for 8 hours
- Styrene 100 ppm for 8 hours

urce

Any organic
material can
support

growth. Soil,

decaying
vegetable
matter.

Paints, glue
varnishes,
enamels, car-
pets, lacquer
cleaners,
printed paper
adhesives,

paint strippers

plastic,
insulation.




